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a b s t r a c t 

Deer horn gelatin (DHG) is a valuable nutritional dietary supplement. Due to the significant variation in 

the price of DHG from different sources, it is important to assess its quality and to clarify the species of 

its raw material. However, due to the similarity in appearance and physicochemical properties, as well 

as the destruction of genetic material during the manufacturing process, it is difficult to distinguish DHG 

from gelatin derived from other sources. Furthermore, current methods are unable to evaluate the over- 

all quality of DHG. Using Nano LC-Orbitrap MS and data analysis software, DHG samples from five deer 

species were analyzed to identify peptide markers specific to alpha-2-HS-glycoprotein (AHSG) and colla- 

gen. The peptide markers were validated using HPLC-Triple Quadrupole MS, and strategies for assessing 

the quality of DHG were developed. Eighteen peptide markers were discovered, comprising peptides with 

differing specificities. Three strategies for the identification, characteristic mapping, and content determi- 

nation of DHG were developed. These strategies can be used to assess the quality of deer gelatin. 

© 2023 Elsevier B.V. All rights reserved. 
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. Introduction 

Deer horn gelatin (DHG) is widely used as a health care product 

nd traditional Chinese medicine in Asia [1] . It is a solid gelatin 

btained by boiling the ossified horns of deer with water and 

hen concentrating the resulting solution. DHG has been used in 

edicine for over 20 0 0 years [2] . In traditional Chinese medicine, 

t is commonly used to treat vertigo, palpitations, hematuria, and 

nsomnia, and it is a common tonic for elderly or postpartum 

omen and other debilitated individuals. It is also further pro- 

essed into health products. In recent years, it has been used to 

reat persistent anemia [3] , femoral head necrosis [4] , and osteo- 

orosis [5] . It is also an effective anti-oxidant, anti-inflammatory 

gent [6] , and immunomodulator [7] . Recent studies have demon- 

trated that DHG can prevent Alzheimer’s disease [8] and aid in 
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he regeneration of skin equivalents by promoting stem cell ac- 

ivity and epidermal differentiation [9] . The peptides in DHG have 

lso been demonstrated to be effective against lung injury [10] and 

iver injury [4] . We believe that DHG is gaining global recognition 

s a healthy supplement and medicine and that market regulation 

s essential for its global expansion. The raw material that is used 

o make DHG are antlers that have already been calcified. Sika 

eer ( Cervus nippon ) and red deer ( Cervus elaphus ) are widely 

istributed in China. Since the sika deer is a nationally protected 

pecies in China, and the antler velvet of sika deer and red deer 

s extremely valuable and is frequently harvested when unossified, 

heir ossified horns are relatively uncommon [11] . On the contrary, 

oth male and female reindeer ( Rangifer tarandus ) are capable of 

roducing horns, and the Eurasian elk ( Alces alces ), the largest 

eer in the world, has a pair of palm-like horns that spread flat 

n both sides and can be as wide as two meters [12] . Moreover,

hite-tailed deer ( Odocoileus virginianus ) are widespread in North 

merica [13] . The people in the region where reindeer, Eurasian 

lk, and white-tailed deer are found do not practice the cutting 

f antlers (the unossified horns), and so obtaining a large quantity 

https://doi.org/10.1016/j.chroma.2023.464153
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f horns is relatively simple. The price of reindeer horn gelatin 

RDHG), Eurasian elk horn gelatin (EDHG), and white-tailed deer 

orn gelatin (WDHG) are therefore significantly lower than sika 

eer horn gelatin (SDHG) and red deer horn gelatin (REDHG). 

he price of SDHG and REDHG has increased to approximately 

S$530 per kilogram [14] , which is more than 10 times the price 

f other deer sources. No studies, however, have distinguished 

HG produced from closely related species of the deer family. 

One constraint on the production of deer horn gelatin (DHG) 

s its limited capacity. The drive for profit often leads manufac- 

urers to substitute cheaper and more abundant raw materials, 

uch as pig, horse, cattle, and donkey hides, for deer antlers. Us- 

ng hides can produce more gelatin, and because deer antlers and 

ides come from the same species, it can be challenging to tell 

hem apart. Some manufacturers have even used deer hides in- 

tead of more easily identifiable cattle and pig hides to boost prof- 

ts. To solve this problem, a study reported that peptides with sig- 

ificantly different expressions in horn and hide could be used 

s peptide markers to differentiate horn gelatin from hide gelatin 

ased on the difference in glycosylation sites [15] . However, the ex- 

erimental samples in that study were homemade SDHG, and the 

eptide markers did not demonstrate species specificity. Given the 

arge variation in DHG prices across species, we aim to develop 

 strategy that considers species specificity and can differentiate 

etween hide and horn origins. This is the challenge we seek to 

vercome in this research. 

Since the preparation of gelatin from deer horn necessitates re- 

eated decoction, which destroys the DNA in the raw material, it 

s difficult to use nucleic acid-based testing for identification. The 

esolution of this problem requires a strategy with high specificity 

nd detection efficiency. In a previous study, we identified pep- 

ide markers capable of distinguishing antlers of closely related 

eer species and developed strategies for antler identification [16] . 

owever, the strategy encountered some difficulties when applied 

o DHG, as these peptide markers were difficult to detect. We sus- 

ect that the protein to which the markers belonged was not heat- 

esistant and was destroyed during the gelatin production process. 

etermining the peptide markers applicable to DHG and establish- 

ng quality-evaluation strategies are the objectives of the present 

tudy. 

Nano LC-Orbitrap MS is widely used in the exploration of pep- 

idomics and proteomics [17] . Combined with data analysis soft- 

are, it can analyze the amino acid sequence of proteins and is 

 method of protein sequencing. In this study, using Nano LC- 

rbitrap MS and data analysis software, peptide markers of DHG in 

lpha-2-HS-glycoprotein (AHSG) and collagen were identified. The 

trategies of identification, characteristic mapping, and content de- 

ermination were established by HPLC-Triple Quadrupole MS. The 

hree strategies can be used to evaluate all aspects of the quality of 

HG, not just source differentiation, but also whether the gelatin 

s produced in sufficient quantity from raw materials. Fig. 1 shows 

 flowchart of our experimental design. 

. Materials and methods 

.1. Materials and reagents 

Trypsin (proteomics grade) and ammonium bicarbonate were 

btained from Sigma-Aldrich (St. Louis, MO, USA), formic acid (op- 

ima LCMS) from Thermo Fisher Scientific (Waltham, MA, USA), 

nd acetonitrile (gradient grade) and methanol (gradient grade) 

rom Merck KGa (Darmstadt, Germany). Millipore’s Milli-Q Gradi- 

nt A10 system was used to prepare water (Schwalbach, Germany). 

In this study, twenty batches of deer horns were collected from 

arious regional markets across China for the purpose of producing 

omemade gelatin: three batches of sika deer horns, four batches 
2 
f red deer horns, four batches of reindeer horns, five batches of 

urasian elk horns, and four batches of white-tailed deer horns 

Table S1). The species were identified by the National Institutes 

or Food and Drug Control (Beijing, China). For comparison, one 

atch of donkey hide gelatin, one batch of pig hide gelatin, and 

ne batch of cattle hide gelatin were acquired from control herbs, 

hich were calibrated and made publicly available by the National 

nstitutes for Food and Drug Control (Beijing, China). Additionally, 

ne batch of deer hide gelatin was sourced from Guangjitang Phar- 

aceutical Co., Ltd (Guiyang, Guizhou Province, China), while one 

atch of horse hide gelatin was procured from Hongjitang Pharma- 

eutical Co., Ltd (Jinan, Shandong Province, China). In this study, all 

8 peptide markers and one peptide internal standard were syn- 

hesized by China Peptides Co., Ltd (Shanghai, China) and Yuan- 

eptide Co., Ltd (Nanjing, China). 

.2. Sample preparation 

The preparation of DHG was conducted as follows. The raw ma- 

erials were first crushed into 3–5 cm segments or blocks, and 

50 g of the crushed material were soaked in 10 0 0 ml of ultra-

ure water for 48 h. This process required four changes of ultra- 

ure water. After soaking, the samples were placed in a pot and 

oiled with 10 0 0 ml of water at 110 °C, under atmospheric pres- 

ure, while ensuring that the water volume remained constant. The 

iquid was collected every 8 h and continued to be boiled until the 

ample softened. The resulting gelatin liquid was then combined, 

ltered, concentrated, and dried. 

For mass spectrometry analysis, sample preparation was carried 

ut as follows. A 20 mg portion of crushed gelatin was taken in 

owder form and combined with 5 ml of a 25 mM ammonium 

icarbonate solution. The mixture was then sonicated for 30 min. 

ubsequently, the gelatin solution was filtered through a microp- 

rous membrane. To 95 μl of filtrate, 5 μl of a 10 mg/ml bovine 

rypsin solution was added, and the mixture was digested at 37 °C 

or four hours. Finally, the temperature of the gelatin solution was 

educed to room temperature. 

.3. Nano LC-MS/MS analysis 

The prepared samples were analyzed by nano-flow liquid chro- 

atograph (EASY-nLC 10 0 0, Thermo Scientific, San Jose, CA, USA) 

oupled with high-resolution mass spectrometry (Orbitrap-Fusion, 

hermo Scientific, San Jose, CA, USA) under the following condi- 

ions: desalination and enrichment on a Thermo Acclaim PepMap 

18 column (75 μm × 2 cm, 3 μm, Thermo Scientific, San Jose, 

A, USA), separation on a Thermo Acclaim PepMap C18 column 

75 μm × 15 cm, 3 μm, Thermo Scientific, San Jose, CA, USA) at a 

ow rate of 300 nl/min; mobile phase A was aqueous 0.1% formic 

cid solution with 2% acetonitrile, and mobile phase B was aque- 

us 0.1% formic acid solution containing 98% acetonitrile, with gra- 

ient elution (0–1 min, 1% B → 6% B; 1–96 min, 6% B → 22% B; 96–

13 min, 22% B → 30% B; 113–117 min, 30% B → 95% B; 117–120 min, 

5% B); and the injection volume was 1 μl. 

The conditions for the high-resolution mass spectrometry were 

s follows. The ion source was Nanospray Flex; analysis was con- 

ucted in positive ion mode with a spray voltage of 1800 V; ion 

ransport capillary temperature was 275 °C; and the S-Lens trans- 

ort efficiency was set to 60%. The primary mass spectrometry 

as performed on an Orbitrap mass analyzer with a resolution of 

0,0 0 0 and an acquisition range of 350–1550 (m/z), and the sec- 

ndary mass spectrometry was performed on an Orbitrap mass 

nalyzer with Rapid Scan mode for scanning, Top speed data- 

ependent mode for precursor ion selection, HCD mode for frag- 

entation, and fragmentation energy NCE set to 40%. 
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Fig. 1. Analytical scheme for the discovery of peptide markers in DHG and establishment of quality evaluation strategies. 
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.4. Mass spectrometry data analysis and discovery of peptide 

arkers 

The mass spectrometry data were imported into PEAKS Studio 

oftware (8.5 Edition, Bioinformatics Solutions Inc., Waterloo, 

anada) using the following parameters: parent mass error toler- 

nce was 15.0 ppm, fragment mass error tolerance was 0.02 Da, 

ax missed cleavages was set to 3, De novo score threshold 
3 
as set to 15, and filter charge was set to 2–8. A number 

f even-toed ungulate "collagen and AHSG" protein databases 

ownloaded from Uniport (containing a total of 19 proteins, 

ttps://www.uniprot.org/, accessed May 2, 2022; for more detailed 

ounts, see Table S2) were used and all peptide sequencing and 

eptide matching was performed from scratch. 

The SPIDER mode in PEAKS Studio can predict amino acid 

equence mutations in peptides. Further filtering of the analy- 
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is results was performed, and the rules were as follows: pep- 

ides with high specificity, lengths between 7 and 25 amino acids, 

nd few post-translational modifications were chosen for further 

alidation. Peptide markers were identified for which sequences 

ave not been reported. The mass spectrometry proteomics data 

or these markers were uploaded to PRIDE. The data were also 

eposited to the ProteomeXchange Consortium via the PRIDE 

18] partner repository with the dataset identifier PXD036244 and 

0.6019/PXD036244. 

.5. Verification of the specificity of peptide markers by HPLC-MS/MS 

HPLC-Triple Quadrupole MS (QTRAP6500 LC/MS, AB SCIEX, Fos- 

er City, CA, USA) was used to verify the specificity of the peptide 

arkers and to establish the MRM method. To verify the speci- 

city of the peptide markers, we used 20 batches of DHG from 

ve deer species, one batch of deer hide gelatin (red deer), one 

atch of horse hide gelatin, one batch of donkey hide gelatin, one 

atch of pig hide gelatin, and one batch of cattle hide gelatin. The 

eptides identified in PEAKS were selected, and the product ions 

ith the highest response intensity were analyzed using HPLC- 

riple Quadrupole MS and chosen as the quantitative ions and 

ualitative ions. The HPLC parameters were set as follows: the col- 

mn was C18 (2.1 mm × 100 mm, 1.8 μm, ZORBAX SB RRHD, 

gilent Technologies, Santa Clara, CA, USA; 2.1 mm × 100 mm, 

.7 μm, ACQUITY UPLC BEH, Waters Corporation, Milford, MA, USA; 

.1 mm × 100 mm, 1.7 μm, ACQUITY UPLC HSS, Waters Corpora- 

ion, Milford, MA, USA; 2.1 mm × 100 mm, 3 μm, Acclaim RSLC, 

hermo Scientific, San Jose, CA, USA), the column temperature was 

3 °C, the flow rate was 0.3 ml/min, mobile phase A was an aque-

us solution containing 0.1% formic acid, B was a 1:1 methano- 

ic acetonitrile solution, and gradient elution was performed (0–

2 min, 10% B → 20% B; 12–21 min, 20% B → 97% B; 21–25 min,

7% B; 25–25.5 min, 97% B → 10% B; 25.5–30 min, 10% B) with an

njection volume of 5 μl, and the solvent delay was 0–4 min and 

6–30 min. 

The mass spectrometry parameters were set as follows: a mass 

pectrometry detector with electrospray ionization (ESI) in posi- 

ive ion mode for multiple reaction monitoring, sheath gas flow 

ate of 46 l/h, auxiliary gas flow rate of 850 l/h, spray voltage of 

.5 kV, ion source temperature of 550 °C, auxiliary gas tempera- 

ure of 400 °C, cone hole voltage of 30 V, and collision voltage of 

5 V. 

.6. Synthesis and verification of peptide markers 

The peptide markers were artificially synthesized and made 

nto solutions using ultrapure water. HPLC-Triple Quadrupole MS 

as employed to determine whether the retention times of the 

ynthesized peptides and gelatin samples were consistent. The re- 

ention times of both the qualitative and quantitative ions were 

tilized to simultaneously confirm the synthesized peptide mark- 

rs. The synthesized peptide was added to the prepared gelatin 

ample, reaching a final concentration of 50 ng/ml, and their peak 

umbers were verified using HPLC-Triple Quadrupole MS. If the 

ualitative and quantitative ions in the peptide markers displayed 

eaks within the designated time ( ±0.2 min for both qualitative 

nd quantitative ions in the sample), and the spiked sample ex- 

ibited a single peak, it could be inferred that the sequence of the 

eptide marker corresponded to that of the gelatin samples. 

.7. Establishment of quality-evaluation strategies for DHG 

With the newly discovered peptide markers, we developed 

hree quality-evaluation strategies for DHG, each focusing on a dif- 

erent aspect of the product’s overall quality. 
4 
.7.1. Establishment of identification strategy for DHG 

To develop an identification strategy for DHG, a peptide marker 

nique to DHG and undetectable in gelatin from other sources was 

elected. Subsequently, specificity experiments were conducted. 

ince the prices of SDHGand REDHG are comparable, these two 

ypes of horn gelatin were assessed together. The parameters of 

he HPLC-Triple Quadrupole MS were consistent with those de- 

cribed in Section 2.5 . 

Utilizing the strategy building method outlined in the previ- 

us paragraph, identification strategies for SDHG, REDHG, RDHG, 

DHG, and WDHG were established to identify the species of 

uthentic DHG. Based on this foundation, identification strate- 

ies were devised for donkey hide and horse hide gelatin, cat- 

le hide gelatin, pig hide gelatin, sika deer and red deer hide 

elatin, reindeer hide gelatin, Eurasian elk hide gelatin, and white- 

ailed deer hide gelatin to determine the species of counterfeit 

HG. 

.7.2. Establishment of characteristic mapping strategy for DHG 

To construct the characteristic mapping, we selected peptides 

resent in DHG but absent in gelatin from several other species 

nd compared the response intensities of the peptides using the 

RM method. The parameters of the HPLC-Triple Quadrupole MS 

ere identical to those described in Section 2.5 . Furthermore, ex- 

eriments were conducted using four distinct C18 columns to de- 

ermine the relative retention time (RRT). The mass spectrom- 

try data from 20 batches of DHG were employed as a stan- 

ard reference and imported into ChemPattern Studio software 

2020 Edition, Chemmind Technologies Inc., Beijing, China) to fit 

 shared mass spectrum and establish the characteristic mapping 

trategy. 

.7.3. Establishment of content determination strategy for DHG 

A strategy for the determination of DHG content was estab- 

ished using a label-free quantitative method. The following HPLC 

arameters were modified: (0–5 min, 3% B → 7.5% B; 5–9 min, 

.5% B → 25% B; 9–13 min, 25% B → 90% B; 13–16 min, 90% B; 

6–16.5 min, 90% B → 3% B; 16.5–20 min, 3% B) with an injec- 

ion volume of 5 μl; the solvent delay was 0–4 min and 16–

0 min. The rest of the setting parameters were the same as 

hose described in Section 2.5 . We used Pep12, Pep11, Pep13, and 

ep14 as reference standard (RS) of five species sources of deer 

orn gelatin. SDHG and REDHG both used Pep12. For each RS, 

he two most stable and highest response product ions were se- 

ected as quantitative and qualitative ions, respectively. The con- 

ent was determined by the value of the peak area of the quan- 

itative ion in the sample in the linear regression equation of 

he RS. 

The total runtime for a single sample, according to the liquid 

hromatography method, was 23 min, including pre-equilibration 

nd post-equilibration. The sample tray was set to 37 °C, and RS 

nd DHG samples, which had just been treated with trypsin, were 

laced on it. The samples were then alternately injected for a pe- 

iod of 24 h to assess stability. Subsequently, linearity was evalu- 

ted using synthetic peptide markers as RSs. Furthermore, method- 

logical experiments were conducted using samples labeled as 

DHG-2, RDHG-1, EDHG-1, and WDHG-3, specifically for repeata- 

ility testing and sample addition recovery testing. Lastly, an in- 

ernal standard control with the amino acid sequence TPV(13C5, 

5N)GGQPSVPGGPVR was synthesized. The content of four paral- 

el samples from the same batch of red deer horn gelatin (REDHG) 

as determined using both the internal standard method and the 

stablished label-free strategy to compare the differences between 

he two methods. 
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Fig. 2. (A) Venn diagram of peptide identification results. (B) Mass spectrometry data analysis quality control results. 
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. Results 

.1. Results of nano LC-MS/MS data analysis 

In previous experiments, we discovered a high concentration 

f collagen type I alpha 1 (COL1A1), collagen type II alpha 1 

COL2A1), and AHSG proteins in DHG. Collagen, the fundamental 

tructural component of connective tissue, is abundant in skin and 

one [19] , can be soluble in hot water, and dissociates into pro- 

ein gelatin [20] . It is also the primary ingredient in the renowned 

hinese traditional medicine E Jiao (donkey hide gelatin). How- 

ver, our attention was drawn to AHSG protein, as one of the 

ain components of the non-collagenous bone matrix protein, 

hich is abundant in horns [ 21 , 22 ]. Consequently, we hypothe- 

ized that peptide markers in AHSG would be crucial for evalu- 

ting the quality of DHG. The peptide mixture of DHG digested by 

rypsin was injected into Nano LC-Orbitrap MS, resulting in 5232 

atched peptides (Table S3). The specificity of the identified pep- 

ides was statistically analyzed ( Fig. 2 ), and peptides with high 

pecificity, lengths between 7 and 25 amino acids, and minimal 

ost-translational modifications were selected for further valida- 

ion. 

.2. Determination and specificity verification of peptide markers 

Multiple reaction monitoring (MRM) is a mass spectrometry 

echnique that selectively obtains quantitative mass spectrometry 

nformation through statistical analysis of the data. Using this tech- 

ique to build the method, it is only necessary to identify the par- 

nt ion and the corresponding quantitative and qualitative ions 

o capture information about the target peptide [23] . As a result, 

8 peptide markers with varying specificities were identified and 

umbered according to the retention time of the mass spectral 

eaks’ appearance, as acquiring method described in Section 2.5 . 

mong these markers, Pep6 has been reported as a marker for 

dulterated reindeer antlers in sika deer antlers or red deer antlers 

24] , and Pep4 has been reported as a peptide marker in deer hide

elatin and DHG, distinguishing it from pig, cattle, sheep, horse, 
5 
nd donkey hide gelatins [2–25] . Notably, we identified several 

eptide markers witch previously unreported sequences. To en- 

ance the study’s reliability, all the 18 peptide markers were ar- 

ificially synthesized and analyzed by HPLC-Triple Quadrupole MS. 

he peak times of the quantifier and qualifier ions of the syn- 

hesized peptides matched those of the peptide markers in the 

amples. When the synthesized peptide was added to each sam- 

le, the peak times of the quantifier and qualifier ions in both 

piked and unspiked samples were identical, and there was only 

 single peak at the peptide markers. Consequently, we believe 

hat our predicted sequence aligns with the sequences of the pep- 

ide biomarkers in the samples. The MRM parameters and speci- 

city are displayed in Table 1 and Fig. 3 , respectively. Correspond- 

ng sequence analysis maps of peptide biomarkers are shown in 

igs. S1–S3. 

.3. Establishment of the quality evaluation strategies for deer horn 

elatin 

HPLC-Triple Quadrupole MS was chosen to establish the MRM 

uality-evaluation strategies for DHG, due to its shorter analysis 

ime, ease of operation, less expensive instrumentation, and abil- 

ty to focus on target peptides. 

.3.1. Identification strategy for DHG 

The identification strategy is a method for evaluating the au- 

henticity of DHG samples. Using the strategy, it is possible to as- 

ess whether the samples were produced using materials of au- 

hentic origin in sufficient quantities. Pep12, Pep11, Pep13, and 

ep14 were chosen as the primary subjects for the identification 

f DHG. These peptides are present in the AHSG protein of deer, 

ocated near the C-terminus, and are readily detectable follow- 

ng enzymatic digestion ( Fig. 4 A). AHSG is scarce in the hide but 

bundant in the horn and is greatly enriched during the intri- 

ate preparation of horn gelatin. Pep12 was not detected in hide 

elatin (including deer hide gelatins) in our experiments, confirm- 

ng the high specificity and suggesting that Pep12 can be used 

s a marker for the exclusive identification of SDHG and REDHG. 
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Table 1 

Sequences of peptide biomarkers and their specificity and MRM parameters in positive mode (p is hydroxyproline). 

No Sequence Charge m/z Quantifier Qualifier Accession No 

1 GETGPAGRpGEVGPpGPpGPAGEK 3 739.36 938.46 1035.52 A0A6J0Z691 

2 GERGPpGESGAAGPAGPIGSR 3 631.65 754.42 586.33 OWK06316.1 

3 GERGPpGESGAAGPTGPIGSR 3 641.65 841.46 940.42 A0A6J0Z5J9 

4 SGETGASGPpGFAGEK 3 732.84 875.43 1090.51 A0A6J0Z5J9 

5 TGETGASGPpGFAGEK 2 739.85 962.46 818.41 A0A1U7R801 

6 AGQpGAVGPAGIR 2 583.82 257.12 353.14 PXD036244 

7 GPpGESGAAGPAGPIGSR 2 775.89 541.26 965.44 OWK06316.1 

8 GPpGESGAAGPTGPIGSR 2 790.89 319.17 454.19 A0A6J0Z5J9 

9 TGQPGAVGPAGIR 2 590.83 797.47 287.14 OWK06316.1 

10 GEpGPAGAVGSAGAVGPR 2 761.89 771.41 998.54 PXD036244 

11 TPVGGQPGVPGGPVR 2 687.88 835.48 1177.58 PXD036244 

12 TPVGGQPSVPGGPVR 2 702.88 865.49 1107.59 OWK05631.1 

13 TPVEGQPSVPGGPVR 2 738.89 865.50 582.34 PXD036244 

14 TPVGGLPGVPGGPVR 2 680.39 835.48 1062.61 A0A6J0WBI5 

15 LGApGFLGLpGSR 3 637.35 602.33 715.41 OWK06316.1 

16 LGPpGFLGLpGSR 2 650.36 1032.55 602.33 A0A6J0Z5J9 

17 DLGFLPQPPQEK 2 684.86 598.32 823.42 PXD036244 

18 DLSFLPQPPQEK 2 699.87 598.32 501.24 A0A6J0Z691 

19 TPV(13C5 15N)GGQPSVPGGPVR 2 705.88 865.49 1107.59 Stable isotope internal standard 

Fig. 3. The specificity of peptide markers. A large purple circle indicates that the peptide marker was detected in the sample, while a purple prohibition sign signifies that 

the peptide marker was not detected. 
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a

ased on the aforementioned experimental findings, we hypoth- 

sized that Pep11, Pep13, Pep14, which are the peptides at the 

ame position of AHSG proteins in different species of deer fam- 

lies could also serve as markers for horn gelatin in the respective 

eer families. On the basis of the experimental results, the iden- 

ification strategy for DHG was developed, which can be used to 

istinguish horn gelatin from different species of the deer family, 

o distinguish DHG from its homologous deer hide gelatin, and to 
6 
istinguish DHG from pig, cattle, donkey, and horse hide gelatins 

 Fig. 4 B). We tested 25 batches of gelatin samples using the estab- 

ished identification strategy, and the results were consistent with 

he identification strategy. 

.3.2. Characteristic mapping strategy of DHG 

The strategy based on the characteristic mapping identifies the 

uthenticity of DHG and can be used to ascertain its quality. Char- 
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Fig. 4. Establishment of a strategy for identifying DHG. (A) Peptide markers in the AHSG of various species of deer. Structure of AHSG downloaded from AlphaFold Protein 

Structure Database, Alpha-2-HS-glycoprotein, Source organism: Bos taurus, https://alphafold.ebi.ac.uk/entry/B0JYN6 [ 26 , 27 ] (accessed on 23 September 2022). (B) Strategy for 

identifying DHG using peptide markers. Method in Section 2.2 was applied to DHG, which was then analyzed using HPLC-Triple Quadrupole MS. Large blue circles represent 

detections and small light blue circles represent non-detections. 

7 
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Fig. 5. A strategy for building a DHG characteristic mapping based on peptide markers. (A) Characteristic mapping of SDHG and REDHG. (B) Characteristic mapping of RDHG. 

(C) Characteristic mapping of EDHG. (D) Characteristic mapping of WDHG. 
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cteristic mapping is currently one of the internationally accepted 

ethods for evaluating the quality of natural products with com- 

lex composition. This method is based on the separation of pep- 

ide markers in samples with different partition coefficients be- 

ween the mobile and stationary phases in HPLC. The MRM mass 

pectra of the peptide markers shared by the same species of DHG 

hould be similar after the separation by liquid chromatography. 

he peaks of the mass spectra were the shared peaks, the peak 

ith high stability was selected as the S-peak, and the peptide 

arker represented by it was the RS. The ratio of retention time 

f the shared peak to the S-peak is stable under the same liq- 

id chromatographic elution parameters. The characteristic map- 

ing method prioritizes accurate identification over precise calcu- 

ation and uses shared peaks to indicate the characteristics of dif- 

erent component groups. It can be used to evaluate the sample’s 

uality based on the RRT of the shared peak in the spectrum, and 

t requires the synthesis of only the peptide marker represented 

y the S-peak, which significantly reduces the cost and duration of 

he experiment. 

The RRT of markers were obtained using four different C18 

olumns and averaged. The results were as follows: for SDHG and 

EDHG, seven shared peaks were revealed, with the corresponding 

eak of Pep12 serving as the S-peak. The RRT of each shared peak 

nd S-peak were calculated (RT of shared peaks/RT of peak S): 0.47 
8 
Pep1), 0.56 (Pep4), 0.63 (Pep7), 0.75 (Pep9), 1.36 (Pep15), and 1.40 

Pep18). RDHG revealed four shared peaks, with the corresponding 

eak of Pep8 serving as the S-peak. The RRT of each shared peak 

nd S-peak were calculated as follows: 0.75 (Pep1), 0.97 (Pep6), 

nd 2.24 (Pep16). EDHG revealed six shared peaks, with the cor- 

esponding peak of Pep13 serving as the S-peak. The RRT of each 

hared peak and S-peak were calculated as follows: 0.49 (Pep2), 

.60 (Pep7), 0.72 (Pep9), 1.35 (Pep15), and 1.38 (Pep18). WDHG 

evealed five shared peaks, with the corresponding peak of Pep8 

erving as the S-peak. The RRT of each shared peak and S-peak 

ere calculated as follows: 0.76 (Pep1), 0.89 (Pep4), 1.21 (Pep9), 

nd 2.26 (Pep18). 

Finally, we conducted experiments on 20 batches of DHG us- 

ng three different columns, and determined that the RRT were 

ithin 10% of the specified values and conformed to the char- 

cteristic mapping. The fitted characteristic mapping of DHG 

s shown in Fig. 5 , calculation procedures are detailed in Ta- 

le S4 and the characteristic mapping of DHG are shown in 

ig. S4. 

The characteristic mapping strategy can prevent the detection 

f false positives to a greater extent. Taking a batch of samples 

arked SDHG as an example, the strategy of characteristic map- 

ing is adopted, if any of Pep1, Pep4, Pep7, Pep9, Pep12, Pep15, 

r Pep18 did not appear in the mass spectra of this sample, it was 
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Fig. 6. Sample stability study for label-free content determination strategy (n = 31). The peptide quantified ion’s peak area is shown on the ordinate. The dark blue line 

represents the quantitative ion of the RS, while the red line represents the quantitative ion of the oxidized peptide of the RS. The light blue line indicates the quantitative 

ion of the DHG, while the yellow line represents the quantitative ion of the oxidized peptide in the DHG. The RSD value of five consecuti ve samples is illustrated in the 

purple histogram. 
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onsidered that the raw material source of the sample was not sika 

eer horn. 

.3.3. Content determination strategy for DHG 

The content determination strategy can detect the number of 

eer horns added as raw material, and it can detect whether 

anufacturers add resin, industrial synthetic glue, and other non- 

nimal sources of gelatin, which is crucial for evaluating the qual- 

ty of DHG. Peptide marker on the AHSG protein were selected 

o serve as the RS for the development of content determination 

trategy. Pep12 for SDHG and REDHG, Pep11 for RDHG, Pep13 for 

DHG, and Pep14 for WDHG. 

From the experiments to investigate the stability of the diges- 

ion samples, it was revealed that the RSD values of the peak areas 

or five consecutive DHG samples after 4 h were less than 5%, so 

he digestion time was set to 4 h. Moreover, since Pep12, Pep11, 

nd Pep13 contain glutamine, which is easily oxidized to gluta- 

ate, we also carried out the determination of the oxidized pep- 

ide content and found that the content of oxidized peptides in 

he samples exhibited no significant changes within 24 h ( Fig. 6 ). 

n addition, the correlation coefficients of the linear regressions for 
Table 2 

Results of sample adding recovery test. 

Percentage of RS SDHG-2 RDH

15 107.42 99.1

25 106.25 99.7

35 106.20 115

50 109.42 108

75 108.74 112

85 109.17 111

9 
our linearity experiments with the RS were greater than 0.99. No- 

ably, the ideal recovery was not consistently achieved during the 

xperiment due to the severe matrix effect. This issue was resolved 

y replacing the blank matrix with RDHG solution (4 mg/ml) for 

ep12 and SDHG solution (4 mg/ml) for Pep11, Pep13, and Pep14. 

he recoveries for the six concentrations ranged between 80% and 

20% (refer to Table 2 ). To ensure the accuracy of the content 

etermination, three samples were repeatedly made for each of 

he four DHGs, resulting in an RSD of 4.09%, 3.94%, 2.80%, and 

.32%. To assess the feasibility of the label-free content determina- 

ion strategy, we compared it with a stable isotope internal stan- 

ard method. The results showed no significant difference in the 

ontent of a batch of REDHG using either the label-free or sta- 

le isotope internal standard method. Considering that the label- 

ree strategy involves the synthesis of only one peptide marker as 

 RS, and has relatively low experimental cost, we believe that it 

s worthy of further development for the determination of DHG. 

he amounts of peptide markers in each species are presented in 

able 3 , while the raw data and calculation procedures are de- 

ailed in Table S4 and can be used as a reference for the quality 

f DHG. 
G-1 EDHG-1 WDHG-3 

0 100.69 109.23 

4 104.62 97.87 

.72 95.02 88.46 

.47 105.22 95.13 

.96 116.41 111.49 

.63 98.75 115.98 
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Table 3 

Results of DHG’s content-determination. 

RS Quantifier ion Qualifier ion Species No. Calculated 

content (μg/g) 

TPVGGQPSVPGGPVR 702.88 → 865.49 702.88 → 1107.59 SDHG 1 7.99 

2 11.03 

3 3.22 

REDHG 1 9.13 

2 3.42 

3 8.02 

4 13.31 

TPVGGQPGVPGGPVR 687.88 → 835.48 687.88 → 1177.58 RDHG 1 3.62 

2 7.66 

3 11.14 

4 8.29 

TPVEGQPSVPGGPVR 738.89 → 865.49 738.89 → 582.34 EDHG 1 15.92 

2 12.88 

3 13.24 

4 11.14 

5 9.41 

TPVGGLPGVPGGPVR 680.39 → 835.48 680.39 → 1062.61 WDHG 1 1.22 

2 1.47 

3 1.98 

4 1.23 
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. Discussion and conclusion 

In this study, we utilized Nano LC-Orbitrap MS data analysis 

o identify AHSG and collagen as the key factors in differentiating 

HG species, resulting in the identification of 18 peptide markers 

ith varying specificities. The HPLC-Triple Quadrupole MS tech- 

ique was utilized to confirm the specificity of the peptide markers 

nd establish quality-evaluation strategies. Our analysis resulted 

n the identification of 18 peptide markers with distinct specifici- 

ies from the matched 5232 peptides, and three different strategies 

ere developed to evaluate the quality of DHG. 

Four peptide markers unique to DHG were identified, enabling 

he development of a highly specific identification strategy for 

HG, and its implementation in the quality-evaluation study of 

hinese patent medicines containing DHG [28] . However, the dis- 

inction between horn gelatin and hide gelatin from reindeer, 

urasian elk, or white-tailed deer requires further investigation as 

e have not yet collected the hides of these species. Additionally, 

 characteristic mapping strategy for DHG was developed, which 

rovides a simple, low-cost, and convenient approach to assess 

uality. Finally, we established a strategy for content-determination 

f DHG based on label-free methods, which has high specificity 

nd detection efficiency compared to traditional methods for de- 

ermining amino acid content and total nitrogen amount. This 

trategy can provide a reference for raw material quality con- 

rol and production process enhancement of DHG. By integrating 

he three established strategies, we developed a comprehensive 

uality-evaluation tool for gelatin. This tool overcomes the limita- 

ions of a single evaluation method and can guide quality-control 

trategies for other animal-derived gelatin medicines. 

While our study primarily focused on the identification of pep- 

ide markers and the establishment of quality-evaluation strate- 

ies for DHG, we recognize the importance of investigating the 

ctive sources within DHG for a comprehensive understanding of 

ts medicinal properties. We hope that our research can serve as a 

aluable starting point for future studies aimed at uncovering the 

ctive compounds present in DHG and elucidating their potential 

herapeutic benefits. 
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