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ABSTRACT

As the collagen protein market increasingly grows, it becomes a priority to explore a economic, stable, and
environmentally-friendly extraction method to realize the high-value transformation of pigskin. In this paper, the
structure of collagen protein isintroduced first. Then five methods, which extract collagen protein from pigskin or a
kind of leather industry waste-chrome shavings, are reviewed. These methods include the salting out method, alkali
method, acid method, enzyme method and hybrid method. They are contrasted in several ways, and thus provide
evidence for better extracting collagen protein.
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INTRODUCTION

With the consistent development of production lesmadl scientific technology in China, the productafmmeat is
changing rapidly. According to data collected bg tational Bureau of Statistics in February 2018, total yield

of meat in 2012 reached 83.84 million tons. Ofnadiat, the total yield of pork, beef and lamb we3e35, 6.62, and
4.01 million tons, respectively. This indicatesttilae production ofpork far exceeds that of other meat. Pork
products are predominant in our country’s meat stigu Pigskin, as a by-product of pork productibas not been
well utilized except for a fraction of 20%~30%, whiare made into leather products [1]. Thus, ihéaningful to
extract collagen protein, which has high added egldrom pigskin resources or leather industry essthis will
greatly benefit the pig-breeding industry finanigial

Collagen protein is a biopolymer. It is a whiteagpe, free of branched chain fibrous protein. it ba found in
animal’s skin, bone, cartilage, tooth, tendon, rigat, and blood vessel. It is an extremely impdr&tructural
protein in connective tissues, and it is often ofawork or fiber structure. Collagen protein fuoos as a supporter
for organs, and a protector of the body. In anigglls, it plays an important part to connect tisstegether.
Collagen protein is the most abundant protein immals, making up from 25% to 30% of the whole bpdytein
content, which is equivalent to 6% of body weigP} [Collagen protein has various advantages: itviigde raw
material resources; it is renewable, degradablg bémcompatible; its structure is adjustable. Thuss extensively
used in making health care products, food [3], adfrs [4], medical materials [5] [6] [7], foddemienal feed, and
paper. The market of collagen protein is huge.

The structure of collagen protein

Collagen protein is a structural protein of exttidtar matrix. Its molecules gather in extracellulmatrix and
become a super molecular structure, with a moleasutdght of 300KDa. There are three types of commmliagen
protein: type-I, type-Il, and type-Ill. Type-| caljen protein makes up approximately 90% of the aloollagen
protein in organisms. It is mostly type-I collagemotein in animal’s skin, tendoand bone. Type-I collagen protein
is composed of two equivaleat chains and one, chain. Twoa chains form into a peptide chain dimer, which is
known as theB-peptide chain. Three chains form into a peptide chain trimer; whichkiown as they-peptide
chain. They-peptide chain is the tropocollagen molecule. Th&egular weight of each peptide chain is about
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100KDa. It is composed of 1052 amino acid residlibs. diameter and length are measured to be arbbndh and
300nm under electron microscopy [8]. Repeat urfitSlg-X-Y (Gly stands for glycine; X usually is plioe; and Y
usually is hydroxyproline or hydroxylysine) forns ipolypeptide chain. The most significant differehetween the
collagen protein and other proteins is that colflagetein has a special amino acid compositiorolfagen protein,
the total contents of glycine (~20%), proline aydioxyproline (~25%), and glutamic acid (~11%) ee@&0% [9].
Additionally, there is a large amount of hydroxyhe and alanine. The contents of proline and hygpsodine are
the highest in type-I collagen, while hydroxylysioely exists in collagen protein but not other pio$ [10]. The
most typical structural characteristic of collagentein is the triple helix structure. Triple heBkucture is a stable
right-handed superhelix structure formed by thredhains, i.e., three left-handed helix peptide ihal he diversity
and complexity of the collagen protein’s structhess determined its important role and good appdingtrospect in
many fields [11].

Sudy on the extraction of collagen protein

Collagen protein is a component of extracellulatriralt exists in body in an insoluble macromol&gustructure,
and combines with proteoglycan, glycoprotein, ated Ehus, the preparation of collagen protein idelst selection
of the materials, preprocess, extraction, separaparification and so on. As the extraction teqgfeis of protein
develop, there are more and more methods to exdtodieigen protein. Generally, there are two catiegomethods
that extract from animal tissues and methods athesize artificially. For synthesis methods, ¢hare three major
approaches: chemical synthesis, DNA recombinatyothesis, and enzymatic synthesis. However, thie igpense
and various associated by-products of synthesishadst make it difficult to realize mass-produce. DNA
recombination synthesis method is the most promisime out of all synthesis methods.

At present, most of collagen proteins in the markatnly come from animal tissues; however, theeesarme that
are extracted from the solid waste in leather itrgu8ecause of the homology between pigs and hulbeimngs,
there are fewer disease sources. Thus, we studyttiextract collagen protein from pigskin. Commonised
methods are: salting out method, alkaline method, method, and enzyme method.

The salting out method

Similar to the general protein, collagen proteifso shave the properties of salt soluble and saltog Then
different types of collagen proteins can be sepdrating the relationship between different coltageoteins and
salt concentrations. Salting out method is mairdgduin extracting the soluble collagen protein frossues.
Neutral salt solution is usually used, such assthilation of NaCl, Tris-HCI, phosphate, or citra@ontrolling the
concentration of salt is the key in this method: &mample, when the concentration of sodium chéorgdless than
1.0mol/L in the neutral solution, it is good foretlissolution of type-I collagen; when the concatitn is bigger
than 1.0mol/L, it is good for the precipitate opeyl collagen [12]. However, there are less solgoléagen proteins
in adult animal tissues, because most collagerepraholecules are cross-linked to each other. Telode, the
salting out method to extract collagen proteindgsstable, and its usage is limited.

The alkali method

Alkali has strong hydrolysis ability to collagerbdirs. Through hydrolysis, large amounts of hydredyzollagen
proteins are produced. Alkali method is generaflgdito extract collagen protein from leather wasg&cifically,
alkaline matters (such as lime, sodium hydroxidediem carbonate, and magnesium oxide) are used for
impregnation. Treating chromium-containing leatheastes with the alkali method not only extractslag#n
protein, but can also de-chromes chrome shavimgshiome shavings, chromium coordinates and corabivith
the carboxyl of collagen. When hydrolyzing with aikmethod, hydroxyl and chromium begin to coortina
because the coordination power between hydroxyldmdmium is stronger; and thus the carboxyl ofagmn is
freed. Chrome shavings are now de-chromed. Hydrarg chromium combined into Cr(OHprecipitate. After
separation the solution of collagen protein is wigd. The dechroming fraction of alkali method igher than that
of acid method, but it has some disadvantages s kee example, the hydrolysis level of the obtincollagen
protein is high; the molecular weight is small; asimtent and chrome content are relatively high;atkali method
will destroy all amino acids that contain hydro@yld sulfhydryl; the final products are racemizedug, collagen
proteins that are extracted through the alkali wethre not suitable for edible or medical purpo3esovercome
these weaknesses, Kunyu Waaical. [13] proposed a new fractionation method to exttdgh quality collagen
protein from chrome shavings. In Kunyu’'s paper,oome shavings were firstly handled under mild extoac
conditions (for example, relatively low temperatuiev alkali dosage and short extraction time) tisat collagen
products, which were easier to dissolve, were abthfirst. Then extraction conditions were gradusitengthened
to extract collagen products that were relativeffialilt to dissolve. Repeating 2-4 times, extraatiwas completed.
This fractionation method can extract collagen girothat outperforms products from the generallatkathod in
every evaluation index. For the general alkali radthcollagen extraction fraction is 25.9%; ash eahis 10.3%;
and chromium content is 23.2mg/kg. For the fragt@mn method, these numbers were 43.3%; less th@nadd
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less than 2mg/kg, respectively. Moreover, the mdicweight of collagen protein obtained from thacfionation
method was 85KDa. A chromium content that is lotien 2mg/kg indicated that collagen protein obtifrem
the fractionation method met standards of ediblatope Wenwei Lianget al. [14] used NaOH 9% to hydrolyze
chrome shavings under temperature of 120°C for @shdrhe extraction fraction turned out to be 8%49 he
obtained collagen protein was mixed with plant fibeithout any further processing, and physicapprties of the
resulting paper, especially the tensile propertvesie improved. Experiments concluded that thenagdtiadding
amount of collagen protein was 4%.

The alkali method has various advantages. For ebartipe techniques are simple; it is easy to cénineolved
reactions are mild. Nowadays, this method is uséehowvhen producing collagen protein hydrolysis duat —
gelatin; however, this method causes heavy poliuiiw water, soil and air. In addition, it consunzebuge amount
of water, and has a long production cycle. Thenapkes await further improvements.

The acid method

Acid of low concentration can destroy salt bondsveen molecules and Schiff bases, and cause collégers to
expand and dissolve. Thus, acetic acid, citric acidydrochloric acid of 0.5mol/L and with pH 2-&rcbe used to
extract collagen [15]. Faxing Luat al. [16] discussed the influences of citric acid, &catid, and hydrochloric acid
solutions on the dissolution rate of collagen pgroextracted from pigskin. They concluded thaticiticid has the
best effects, and then acetic acid, and lastlydgldoric acid.

Hydrolyzing by acid can also de-chrome leather esm#tat originally contain chromium. Because orgawids like
oxalic acid and citric acid have stronger coordoratcapabilities with chrome than carboxyl of cgha, acid
radical ions can directly go into chrome coordimatcomplexes and coordinate with chrome. Collagabaxyl
will be replaced, and dechroming is completed. @&ached chromium is at a dissolved state unddraaeidition,
and will be difficult to be completely separatedrfr collagen protein. Thus, the dechroming rate wtide acid
method is relatively low.

The extraction fraction of obtained collagen protender the acid method is much higher than thdeuthe alkali
method or enzyme method. The hydrolysis in bothlaind acid methods happens fast. Amino acideasg to be
destroyed and racemized. The hydrolysis of collagegins is non-selective, and the resulting mokacweights of
hydrolyzed collagen proteins are continuously isted. In order to gain products with high addeues,

purification must be performed in the follow-up pess at a great cost [17]. Because the degraditiah of

collagen molecules is exceptionally high, the r@sglproducts will have relatively small molecularights.

Besides, both alkali and acid methods are stroogityosive to equipment; secondary pollution is aeeere. When
applying alkali or acid methods to leather waskes tontain chromium, we not only can extract gala protein,
but also realize dechroming. In a view of dechrameffect, alkali method outperforms acid methodu§tin

industry, alkali method is used more often whenraeting collagen protein from leather wastes thattain

chromium.

The enzyme method

Using enzyme to extract collagen protein is ondhef relatively ideal methods currently. Enzyme habetter

reaction selectivity, and it is less destructivectilagen protein. We can gain active protein whovgge helix

structure is better reserved. The resulting prodwmitit have a high purity, and stable physical arttemical

properties. Thus, enzyme method is often used fraetng active collagen protein. In addition, thigthod has
other advantages. For example, the reaction comnditare mild; it does not corrode equipment; it loas energy

consumption. However, enzyme method does have stisaevantages. For example, hydrolysis is not cetapl
enough; reaction time is long and etc. [18]

Commonly used enzymes to extract collagen protein@epsin [19], papain, trypsase [20] and etc.s€henzymes
only act on non-helix peptide chains of collageaotgin, and usually have no effect for helix peptidhains. It is
identified by the immunoblotting test that pepsir the collagen short at the position of N-termi@&l [21]. This
kind of enzyme retains the triple helix sectioncollagen protein, so that it is still biologicaléctive. Thus, it is
widely used in the extraction of collagen proteéifarious kinds of enzymes in animal tissues haveoptimal
temperature between 35°C to 40°C. Most enzymes d&raaptimal pH between 5 and 8, for example, papaiest
pH is between 5 and 5.5; trypsase’s best pH ispépsin has a lower optimal pH between 1.5 and22p Chuan
Wanget al. [23] compared the effects of extracting pigskifiagen protein between pancreatin, pepsin, andipapa
Pancreatin was found to have the highest extractta and best operability; however, it causedtivglly severe
structural damage; molecular weight of the hydretiyzollagen protein was the smallest, between #i078nKDa;
color of the lyophilized collagen protein sampleslightly yellow. Pepsin was found to best maintdia structure;
the resulting molecular weight was around 100KD® eolor of the lyophilized sample was white; hoegwthe
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extraction rate was the smallest among all thresyrees. Papain’s extraction rate and resulting mubéeonveight
was found to be in between the other two enzymesaBse water is the solvent, it has the mildesttima
conditions. From this study, the order of hydradyability was proved to be: pancreatin > papainepsin. The
triple helix structure of the collagen protein abe from pepsin hydrolysis was maintained reldgiveell.

Feng Zhanget al. [24] used neutral protease to treat leather magerluring enzymatic hydrolysis, reaction
temperature was 40°C; reaction time was betweeo 80t hours; dose of enzyme was 2.0g/(kg raw-hide).
Intermittent stir was required during the proceduBelatin extraction was carried out under threffedint
temperature conditions: 70°C for 1h, 80°C for 2id 80°C for 3h. The starting pH value was set t&bender
these conditions, the yield of gelatin could reddt5%. Compared with the traditional method, thethod has a
greatly shortened production cycle (7~10 days)elgnvironmental pollution, and a good applicaiwaspect.

Using enzyme to extract collagen protein from chromcontaining leather wastes was studied previous!
literature. Common de-chroming enzymes are neptgkase, alkaline protease, cellulose and so mffin)XChenet

al. [25] utilized alkaline protease to hydrolyze dearhed shavings and prepared collagen hydrolysateadtfound

in the study that the optimal hydrolysis conditiomere: alkaline protease 0.16%, pH 9.5, 65°C, 4futes, and
ratio of water to chrome shavingsl. Under such conditions, tkeetraction rate of collagen hydrolysate was 66.2%,
and the chromium content was 4.20mg/kg.

Bi Wanget al. [26] used single and complex enzymes to extradageh protein and its polypeptides with different
ranges of molecular weights from leather scrapse Tunctional properties of the samples were detsgthi
Enzymatic de-chroming has high specificity and higéld. It does not damage amino acids, and thaltieg
hydrolysate is relatively stable. However, de-chirggns required before applying the method; theetao many
steps; and the cost is high.

The hybrid method
The salting out method, acid method, alkaline methend enzyme method all have their own advantagels
disadvantages. Thus, it becomes a hot topic irareBeexploring a hybrid method to achieve bettécames.

The acid-enzyme hybrid method

Surui Liu et al. [27] used acid-enzyme hybrid method to extract #ypellagen protein. Specifically, pigskin was
soaked in the solution of hydrochloric acid for 16k (pH=2.0~2.5). After the skin swelled, doublstitled water
was added for beating. Then pepsin was added finohysis for 24h under the temperature of 4°C. Afftelation
and purification, the obtained type-I collagen pmotkept well its triple helix structure of the nedl collagen and
could make great biomedical materials.

The alkali-enzyme hybrid method

Xihuai Qianget al. [28] used alkali-enzyme hybrid method to extradtaggen protein from chrome shavings. Firstly,
they used 3% CaO, 3% MgO, 300% a temperature of 80, and 4 hours to extract gelatin. The extractate r
of gelatin was more than 40%hen the residue was hydrolyzed with 1398 neutralginase, an enzyme dose of
0.125% and a temperature of’'@6the yield of protein polypeptide reached 20%e Thntents of GO; were lower
than 50mg/kg in both obtained gelatin and proteilypeptide.

The acid-alkali oxidation hybrid method

Using acid or alkali alone to treat chrome shavicags only give us elementary collagen protein petsltHowever,
using alternating acid-alkali method can resuliniprovement in de-chroming rate. Plus, collagerdpuots that are
of good stability, high quality, and thus high addealues can be obtained. Zeen Sktal. [29] proposed a
four-step de-chroming method: soak with lime mgkak with dilute sulfuric acid, soak with 0.5% NaG@blution,

and soak with hydrogen peroxide. These four stegre wised to treat chrome shavings to extract amilggotein
and prepare pet feed. In the final product, thaerttrof chromium was 15mg/kg, which was lower tti@nstandard
requirement of less than or equal to 25mg/kg famahfeed and formula feed by the National Feediag.

The ultra-high pressure acid pretreatment method

Liging Chenet al. [30] proposed a novel pretreatment method usitrg-high pressure and acid to extract gelatin
from pigskin. The pressure was 250 MPa; time wasnifutes; and HCI concentration was 0.75%. Undehsu
conditions, the extraction rate and gel strengtbedétin were up to 88.62% and 384.43g, respegtilielvas seen a
20% increase in gel strength of gelatin comparedh® traditional acid method without pretreatmenhe
pretreatment time was shortened significantly (fra@h of the traditional amethod to 15min). The difgrof acid
wastewater was greatly reduced (concentration idf\aas reduced from 1% to 0.75%, and the ratica@f pigskin

to the solution of HCI was reduced from 1:10g/mL1t&.5g/mL). Pollution was highly reduced, and iheduction
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cycle was greatly shortened.
CONCLUSION

Pigskin and solid leather waste contain a rich amhof collagen proteins. Transforming the resownd realizing
its high utilization are the requirements of enaim@ental protection, sustainable development, andauic growth.
Collagen fibers can be easily damaged while extrgand processing. Thus, reaction conditions atembe too
strong. This causes a not very high extraction oéteollagen protein. At the same time, there aseiés such as
pollution and cost in the extraction of collagemtpin. Thus, further research is needed to study twoextract
collagen protein from pigskin and solid leather twa8ecause collagen protein has various applicatio food
supplement, cosmetics, biomedical materials, anfed, and etc. we believe that the potential dgraknt of the
market for extracting collagen protein from pigslksrhuge.
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