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Abstract: Chlorogenic acids (caffeoylquinic acids, CQAs), as key bioactive components in numerous
traditional herbal medicines, are highly acclaimed for their various biological activities and
therapeutic benefits. Nonetheless, their stability and therapeutic utility are challenged by the
propensity to degrade under various environmental stimuli, including exposure to light, temperature
fluctuations, and changes in pH levels. This inherent instability may lead to substantial losses,
compromising the potency and consistency of herbal formulations and their derivative products.

Therefore, high-performance liquid chromatography (HPLC) was employed to assess the
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content variation of seven chlorogenic acid derivatives, namely 3-caffeoylquinic acid (3-CQA),
4-caffeoylquinic acid (4-CQA), 5-caffeoylquinic acid (5-CQA), caffeic acid, 3,4-di-caffeoylquinic
acid (3,4-diCQA), acid (3,5-diCQA) and 4,5-di-caffeoylquinic acid

(4,5-diCQA) in the stevia chlorogenic acid samples subjected to environmental stimuli. Furthermore,

3,5-di-caffeoylquinic

ultra-performance liquid chromatography coupled with quadrupole time-of-flight mass spectrometry
(UPLC-QTOF MS/MS) was utilized to identify the degradation products of stevia chlorogenic acids
under various induced conditions. Based on these degradation products, potential degradation
pathways of stevia chlorogenic acids were inferred. The results indicated that stevia chlorogenic acids
undergo degradation under induced conditions such as solvent exposure, light irradiation, high
temperature, and varying pH levels, leading to a general decrease in total content of CQAs. The
analysis of degradation products showed that both CQAs and diCQAs are prone to alkylate when
stored in organic solvents such as alcohols and esters, resulting in alkylated chlorogenic acids. Under
light exposure, they tend to degrade into caffeic acids. In high temperature environment, both
dehydration and alkylation occur, producing dehydrated chlorogenic acids and further alkylated
derivatives. In acidic or alkaline conditions, hydrolysis and structural transformations are common
degradation pathways observed. In summary, dehydration, degradation, hydrolysis, and isomerization
are four potential pathways of loss for stevia-derived chlorogenic acids subjected to environmental
fluctuations. This study not only enhances the understanding of the stability mechanisms of
chlorogenic acids, but also provides a scientific basis and practical guidance for formulating effective
preservation strategy. This strategy is crucial for ensuring quality control of chlorogenic acid-
containing products across various industries, including pharmaceuticals, health supplements, and
cosmetics. By mitigating these degradation pathways, manufacturers can more effectively preserve
the potency and efficacy of these compounds, thereby contributing to the overall quality and
reliability of their products.

Key words: ultra-performance liquid chromatography coupled with quadrupole time-of-flight mass
spectrometry (UPLC-QTOF MS/MS); Stevia; chlorogenic acids; stability
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Fig. 2 Mass spectra of stevia chlorogenic acids

before and after placement in different solvents
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Table 1 Contents of stevia chlorogenic acids before and after placement at different temperatures

£ Content/%

P 5
Temperature/C. Totalacid/%  3.cQA  4-CQA  5-CQA  Caffeicacid  34-diCQA  3,5-diCQA  4,5-diCQA
50 39.76 0.1385  0.3925 2.18 0.1270 1.14 15.33 20.45
25 42.64 0.1944  0.4538 232 0.1024 1.48 16.28 21.81
4 44.90 02098  0.4759 2.40 0.1020 1.58 17.07 23.06
X 1 44.99 02099  0.4762 243 0.1025 1.58 17.09 23.10
x2 HMPFREBREARR pH EXRRPHENEHNESE
Table 2 Contents of stevia chlorogenic acids before and after placement
in aqueous solutions with different pH values
B & Content/%
pH Totalacid%  3.cQA  4-CQA  5-CQA  Caffeicacid  34-diCQA  3,5-diCQA  4,5-diCQA
3 22.95 0.828 0.756 1.26 0.1130 541 4.97 9.61
5 25.72 1.666 1.326 1.41 0.2080 8.03 5.8 7.80
7 2735 1.625 1.389 1.54 0.1910 8.35 525 9.01
9 34.55 2.179 1.882 2.01 0.2540 10.70 6.42 11.10
11 17.71 1.315 1.064 1.12 0.1290 5.35 3.40 5.33
X B8 38.26 0.300 0.430 1.74 0.1800 334 11.67 20.54

WA P ARG o 25 b, 4 SR DR R AE TR
IRBE v AT 8 kA R L A A0 R K A s g T R B
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SRR, 4588 T 3. IR T E
30 K, 3 CQA BLA 1 B % 1t th 3.085 7% A%
M 2.968 2%, W /D 0.117 5%; 3 Fft diCQA i 43 Y
S 41.65%FFE KR 39.51%, Ik /D 2.14%. 7]
1, CQA il diCQA 7 S FEAR, (EL I HE PR &5 5 1
T, eI 3G S SRR AR A AL AR T R A
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2.3 FHMBEREBREREZG THERERE

231 SRBRAEAEE R R RRE LL3.s-
diCQA M ], ¥R 7% &l i 45 4 I g 76 I . 2 I
LR RS H WL R v Y R A A, AT R R e
AL NS R TR 7, 8. EHERR T,
i T 3,5-diCQA Wi MEBE ik |- i) 2 Bk B AT B Y
SEAZAE DL R T A 2 B4 B 0 67 BELA /DS, L
HBE o1 K AEAER, 51 &SRB R N, JE B
HAk 3,5-diCQA. H5Z A, £ L BEsk 2. W2 LB
RN, R CR ORI C LR R RR S 5 A
A SEAEME I IR B RN, 3 SEAZ B R A B 2
Ak 3,5-diCQA. i STk, S IR R & A

R3 HMBRERELRINEHNE

Table 3 Contents of stevia chlorogenic acids before and after light

& & Content/%

b i} SR
Light/day ~ Totalacid/% 3. cQA  4-CQA  5-CQA  Caffeicacid  3,4-diCQA  3,5-diCQA  4,5-diCQA
30 42.64 0.1944 04538 232 0.1024 1.48 16.28 21.81
20 43.17 0.1947  0.4563 233 0.1028 150 16.43 22.16
10 4391 0.1951 04592 235 0.1034 1.52 16.73 22.56
X} 44.89 02098 04759 2.40 0.1020 1.58 17.07 23.06
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Possible degradation pathways of 3,5-diCQA under different conditions
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Table 4 Degradation products of stevia chlorogenic acids under different conditions
A LB ~ 4 C TR . P
EORENE e TR i WMiRE  CHBART AW 5%
No. Retention Molecular Theoretical . 6 2
. . (m/z) Relative error/x10™°  MS” (m/z) Compound Reference
time/min formula value
1 3.62 353.0877  C,sH,50, 353.0878 0 191, 179, 173, 3-CQA PR
161,135,133
2 4.11 353.0877  C,H,s0, 353.0878 0 191,179, 173, 5-CQA FRAEA,
161,135,133
3 4.18 353.0877  C,H;50, 353.0878 0 191, 179, 173, 4-CQA Frife
161,135,133
4 5.09 367.1193  C,;H,0, 367.1035 43 353,191,161, HHAL5-CQA [15]
135,133
5 5.20 381.1284  CHy0, 381.1255 8 353,191,161, Z3ALS5-CQA [16]
135,133
6 5.72 5151253  C,sH,,0,, 515.1195 11 353,335,191,  3,4-diCQA Frife
179, 173, 161,
135
7 5.96 515.1253  C,H,,0,, 515.1195 11 353,335,191,  3,5-diCQA bR
179, 173, 161,
135
8 6.35 515.1253  C,sH,,0,, 515.1195 11 353,335,191,  4,5-diCQA FRUES
179, 173, 161,
135
9 7.89 529.1565  CyeHyO1s 529.1352 40 367,179, 161, HH:AK3,5-diCQA  [16]
135
10 8.49 529.1565  CyH,0y, 529.1352 40 367,179, 161, HH{k4,5-diCQA  [16]
135
11 8.67 497.1048  C,HpO, 497.1089 8 335,179,161,  Jii/K{kLdiCQA [16]
135,133
12 8.71 677.1780  C3H;05 677.1512 40 515,353,335, 3,4,5-—WiAEmtE [17)
179, 161, 135 TR
13 9.25 543.1783  C,;Hy0,, 543.1573 38 381,179, 161, ZK:Ak3,5-diCQA  [16]
135
14 10.02 543.1783  C,Hy0,, 543.1573 38 381,179,161, Z£K:4k4,5-diCQA  [16]
135
15 10.35 965.4637  CyuHyg0n 965.4235 42 803,641,479,  EMLHTKA [18]
317
16 12.93 359.0911 CsH,05 359.0772 39 344,329,314, —RRE-—HEH  [19]
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Fig. 14 MS (a) and MS’ (b) spectra of 3,5-diCQA under negative ion mode
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Fig. 16 MS (a) and MS’ (b) spectra of dehydrated 3,5-diCQA under negative ion mode
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