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1. Determination of Partition Coefficient 

The logarithm of the 1-octanol/water partition coefficient (log P) was examined to quantify the 

hydrophobicity or hydrophilicity of NI, AI, Q, and K using the pre-introduced method with some 

modifications [1]. Two hundred microliters of NI, AI, Q, and K (5 mg·mL−1) in methanol were 

transferred into 2-mL micro-tubes, and methanol was evaporated under a stream of nitrogen gas. 

After addition of 1-octanol (500 μL), the micro-tubes were vortexed for 1 min and placed in a bath-

type sonicator for 5 min, and then, 500 μL DDW was added to the tubes. The mixture solution in the 

tubes was vortexed for 5 min and phase-separated by centrifugation (10 min, 13000 RCF). The upper 

(1-octanol) and lower (DDW) layers of 40 and 100 μL were collected and diluted with 1.96 mL 1-

octanol and 100 μL DMSO, respectively. The solutes (NI, AI, Q, and K) dissolved in the upper and 

lower layers were quantified using the standard curves obtained from the UV/visible-light absorptive 

spectra. Finally, the log P values were calculated as log(𝑐octanol/𝑐DDW), where 𝑐octanol and 𝑐DDW are 

the concentrations of the solutes (NI, AI, Q, and K) in the upper and lower layers, respectively. 

2. Identification of the Ginkgo Biloba Leaf Isolates 

The 1H-NMR spectra of the compounds dissolved in methanol (25 mg·mL−1) were obtained using 

a Varian Unity INOVA 500 MHz NMR spectrometer (Agilent Technologies, Santa Clara, CA, USA). 

The 1H-NMR spectra of the GBL NI, GBL AI, Q, and K were obtained (Figure S1). In the spectrum for 

Q (Figure S1a), five specific peak multiplets were detected at chemical shifts (500 MHz, methanol): δ 

6.17 (d, 1, J = 2.05 Hz, H6), 6.37 (d, 1, J = 2.05 Hz, H8), 6.87 (d, 1, J = 8.51 Hz, H5′), 7.62 (dd, 1, J = 8.51, 

2.35 Hz, H6′), and 7.73 (d, 1, J = 2.35 Hz, H2′) [2]. In the spectrum for K (Figure S1b), four specific peak 

multiplets were detected (500 MHz, methanol): δ 6.16 (d, 1, J = 2.05 Hz, H6), 6.36 (d, 1, J = 2.05 Hz, 

H8), 6.90 (m, 2, H3′ and H5′), and 8.08 (m, 2, H2′ and H6′). Spectra of the GBL NI showed many peaks 
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in the δ, ranging from 0.5 to 5.5 ppm, corresponding to the proton resonance signals in the sugars of 

the flavonoid glycosides and the residuals (Figure S1c) [3]. Several other specific peak multiplets were 

also detected (500 MHz, methanol): δ 6.19 (m, 2), 6.39 (m, 2), 6.88 (m, 3), 7.13 (m, 1), 7.37 (m, 1), 7.48 

(m, 1), 7.64 (m, 1), 7.72 (d, 1, J = 2.05 Hz), and 8.07 (m, 2). Among these proton resonance signals, the 

multiplets at 6.19, 6.39, 6.88, 7.64, 7.72, and 8.07 ppm correspond to the proton resonates in both 

aglycones and glycosides of Q and K as follows: H6 (Q/K), H8 (Q/K), H5′ (Q/K) and H3′ (K), H6′ (Q), 

H2′ (Q), and H2′ and H6′ (K), respectively. 
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Figure S1. NMR analysis of the GBL extract components. 1H-NMR spectra of (a) quercetin, (b) 

kaempferol, (c) GBL NI, and (d) GBL AI. 

Spectra of the GBL AI showed many proton resonance signals for sugars and residuals in the δ 

range of 0.5‒5.5 ppm, similar to those in the GBL NI spectrum. However, the intensity ratio of 
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aglycone and sugar for the GBL AI was smaller than that for the GBL NI, implying hydrolysis of the 

flavonoid glycoside sugar during the acid-isolation procedure for the GBL AI. In addition, other 

specific peak multiplets were detected (500 MHz, methanol): δ 6.19 (m, 2), 6.38 (m, 2), 6.87 (m, 3), 7.13 

(m, 2), 7.37 (m, 1), 7.47 (d, 2, J = 8.80 Hz), 7.64 (m, 1), 7.73 (d, 1, J = 2.35 Hz, 1 H), and 8.06 (m, 2). 

Among these proton resonance signals, the multiplets at 6.19, 6.38, 6.87, 7.64, 7.72, and 8.06 ppm 

correspond to the proton resonates in both aglycones and glycosides of Q and K as follows: H6 (Q/K), 

H8 (Q/K), H5′ (Q/K) and H3′ (K), H6′ (Q), H2′ (Q), and H2′ and H6′ (K), respectively. 

Biflavonoids, including bilobetin, ginkgetin, isoginkgetin, and sciadopitysin, are commonly 

found in GBL and the full extracts [4]. In a biflavonoid, C5′ of a flavonoid is generally linked with C8 

of another flavonoid. According to the data obtained from the mass spectra and 1H-NMR spectra, the 

GBL NI and GBL AI contained aglycones and glycosides of apigenin, K, luteolin, Q, and isorhamnetin. 

In this regard, the molecule with MW of 572.6, observed in the mass spectrum of the GBL NI (Figure 

1b), is possibly the biflavonoids of those aglycones. Potential biflavonoids with MW of 572.6 might 

be composed of flavonoids (Q, K, taxifolin, aromadendrin, luteolin, apigenin, eriodictyol, and 

naringenin) and chalconoids (eriodictyol chalcone, and naringenin chalcone). The δs (ppm) for the 

proposed chemical structures are shown in Table S1, based on the 1H-NMR spectra obtained in this 

study and previous studies [5‒7]. 

Table S1. The expected 1H chemical shifts (δ) of the proposed chemical structures (a and b) flavonoid-

flavonoid, (c) chalconoid-flavonoid, and (d) flavonoid-chalconoid. 1 

Position δ of 1H (ppm) 

 (a) 

 N-Q AD-K AD-L E-K E-L T-A 

R1 -H -H -H -OH -OH -OH 

R2 -H -OH -OH -H -H -OH 

R3 -OH -H -OH -H -OH -H 

R4 -OH -OH -H -OH -H -H 

H2 5.43 5.04 5.04 5.29 5.29 4.90 

H3 2.67, 3.28 4.57 4.57 2.71, 3.08 2.71, 3.08 4.49 

H6 5.87 5.85 5.85 5.89 5.89 5.87 

H8 5.87 5.90 5.90 5.91 5.91 5.87 

H2′ >7.30 >7.30 >7.30 >6.93 >6.93 >6.95 

H3′ >6.78 >6.77 >6.77    

H6′ >7.30 >7.30 >7.30 >6.93 >6.93 >6.95 

H3′′   6.73  6.73 6.77 

H6′′ >6.17 >6.16 >6.21 >6.16 >6.21 >6.16 

H2′′′ 7.73 8.08 7.48 8.08 7.48 7.73 

H3′′′  6.90  6.90  6.84 

H5′′′ 6.87 6.90 6.83 6.90 6.83 6.84 

H6′′′ 7.62 8.08 7.19 8.08 7.19 7.73 

 (b) 

 Q-N K-AD L-AD K-E L-E A-T 

R1 -OH -H -OH -H -OH -H 
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R2 -OH -OH -H -OH -H -H 

R3 -H -H -H -OH -OH -OH 

R4 -H -OH -OH -H -H -OH 

H3   6.73  6.73 6.77 

H6 6.17 6.16 6.21 6.16 6.21 6.16 

H8 6.37 6.36 6.57 6.36 6.57 6.51 

H2′ >7.73 >8.08 >7.48 >8.08 >7.48 >7.73 

H3′  >6.90  >6.90  >6.84 

H6′ >7.73 >8.08 >7.48 >8.08 >7.48 >7.73 

H2′′ 5.43 5.04 5.04 5.29 5.29 4.90 

H3′′ 2.67, 3.28 4.57 4.57 2.71, 3.08 2.71, 3.08 4.49 

H6′′ >5.87 >5.85 >5.85 >5.89 >5.89 >5.87 

H2′′′ 7.30 7.30 7.30 6.93 6.93 6.95 

H3′′′ 6.78 6.77 6.77    

H5′′′ 6.78 6.77 6.77 6.80 6.80 6.79 

H6′′′ 7.30 7.30 7.30 6.80 6.80 6.83 

 (c)  (d) 

 NC-Q EC-K EC-L  Q-NC K-EC L-EC 

R1 -H -OH -OH  -OH -H -OH 

R2 -H -H -H  -OH -OH -H 

R3 -OH -H -OH  -H -OH -OH 

R4 -OH -OH -H  -H -H -H 

H2 >7.49 >7.10 >7.10     

H3 >6.81      6.73 

H6 >7.49 >7.10 >7.10  6.17 6.16 6.21 

H8     6.37 6.36 6.57 

Hα 8.07 8.03 8.03     

Hβ 7.69 7.63 7.63     

H2′     >7.73 >8.08 >7.48 

H3′ 5.84 5.84 5.84   >6.90  

H5′ 5.84 5.84 5.84     

H6′     >7.73 >8.08 >7.48 

H2′′     7.49 7.10 7.10 

H3′′   6.73  6.81   

H5′′′     6.81 6.79 6.79 

H6′′ >6.17 >6.16 >6.21  7.49 6.98 6.98 

Hα     8.07 8.03 8.03 

Hβ     7.69 7.63 7.63 
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H2′′′ 7.73 8.08 7.48     

H3′′′  6.90      

H5′′′ 6.87 6.90 6.83  >5.84 >5.84 >5.84 

H6′′′ 7.62 8.08 7.19     

1 Abbreviation: N, naringenin; Q, quercetin; AD, aromadendrin; K, kaempferol; L, luteolin; E, 

eriodictyol; T, taxifolin; A, apigenin; NC, naringenin chalcone; and EC, eriodictyol chalcone. 

For instance, an amentoflavone is composed of two apigenins with a linkage between the B- and 

A′-rings, i.e., H3′ and H8′′. The δ of each proton in the B- and A′-rings is larger than that of the 

corresponding proton in the B′- and A-rings, respectively, because of the larger resonance effect by 

the linkage between two aromatic rings [8]. In contrast, there was little difference in the  between 

the C- and C′-rings. Chemical shifts δ (ppm) were 6.45 (H8) and 6.18 (H6) in the A-ring; 8.02 (H2′), 

8.00 (H6′), 7.12 (H5′) in the B-ring; 6.70 (H3) in the C-ring; 6.37 (H6′′) in the A′-ring; 7.58 (H2′′′ and 

H6′′′) and 6.80 (H3′′′ and H5′′′) in the B′-ring; and 6.70 (H3′′) in the C′-ring. This tendency is applicable 

to the δs of protons in the proposed chemical structures. As a result, various δ values are feasible for 

the structures, as observed in Table S1. Particularly, the δ multiplets at 7.13, 7.37, and 7.48 ppm in 

both 1H-NMR spectra for NI and AI that did not correspond with those for the abundant flavonoids 

in the GBL (apigenin, K, luteolin, Q, and isorhamnetin), can thereby correspond with those for the 

proposed structures. Besides, other compounds corresponding with these δ multiplets (7.13, 7.37, and 

7.48 ppm) can be p-coumaric esters (Figure S2e) [9], potentially found in the GBL (Table S2). To 

summarize, Q and K were abundant in NI and AI. The apigenin, luteolin, isorhamnetin, and other 

compounds, including biflavonoids, chalconoid-flavonoid, flavonoid-chalconoid, and p-coumaroyl 

flavonoid glycosides were rarely found. While most of the flavonoids in the NI were present as 

glycosides, the majority and minority of the flavonoids in the AI were aglycones and glycosides, 

respectively, owing to acidolyzing isolation. 

Table S2. The expected 1H chemical shift (δ) of coumaric acid. 

Position δ of 1H (ppm) 

H2 7.53 

H3 6.82 

H5 6.82 

H6 7.54 

H7 7.53 

H8 6.32 
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Figure S2. Proposed chemical structures of the GBL extracts. (a) and (b) Flavonoid-

flavonoid, (c) chalconoid-flavonoid, and (d) flavonoid-chalconoid, possibly present in the 

Ginkgo biloba leaf isolates, based on the literature and data obtained in the HPLC-MS/MS 

and 1H-NMR measurements (A, B, C, A′, B′, and C′: A-, B-, C-, A′-, B′-, and C′-rings). 

Chemical structure of (e) coumaric acid. 
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Figure S3. Changes in the UV/visible absorption spectra of the GBL NI in aqueous solution 

at pH 3–11 and 20–90 °C. 
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Figure S4. Changes in the UV/visible absorption spectra of the GBL AI in aqueous solution 

at pH 3–11 and 20–90 °C. 
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Figure S5. Change in the UV/visible absorption spectra of quercetin in aqueous solution at 

pH 3–11 and 20–90 °C. 
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Figure S6. Changes in the UV/visible absorption spectra of kaempferol in aqueous solution 

at pH 3–11 and 20–90 °C. 
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Figure S7. Changes in the center of gravity [ 𝑐𝑔 = ∑ 𝜀i𝜆i / ∑ 𝜀i ; 𝜀i , absorptivity at a 

wavelength range (𝜆i, 300‒400nm)] in the UV/visible-light absorptive spectra of the GBL NI, 

GBL AI, quercetin (Q), and kaempferol (K) during incubation at the designated conditions. 

The 𝑐𝑔  was determined using the two segment linear fitting curves [ 𝑐𝑔 = 𝑘1𝑡 +

𝑐𝑔1 (0 ≤ 𝑡 < 𝑡1) = 𝑘2𝑡 + 𝑐𝑔2 (𝑡1 ≤ 𝑡)]. 

Table S3. Significantly different levels of the 𝑐𝑔  shifting rate in the UV/visible-light absorptive 

spectra of the GBL isolates under the Tukey’s test (n = 3; P < 0.05). 

pH Temperature (°C) Samples Significant different levels (1–13) 

3 20 NI 13 

  AI 13 

  Q 13 

  K 13 

 37 NI 13 

  AI 13 

  Q 13 

  K 13 

 60 NI 13 

  AI 13 

  Q 13 

  K 13 

 70 NI 13 

  AI 13 

  Q 13 

  K 13 

 80 NI 13 

  AI 13 

  Q 13 

  K 13 

 90 NI 13 

  AI 13 

  Q 13 

  K 13 

5 20 NI 13 

  AI 13 

  Q 13 

  K 13 

 37 NI 13 

  AI 13 

  Q 13 

  K 13 

 60 NI 13 

  AI 13 
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  Q 13 

  K 13 

 70 NI 13 

  AI 13 

  Q 13 

  K 13 

 80 NI 13 

  AI 13 

  Q 13 

  K 13 

 90 NI 13 

  AI 13 

  Q 13 

  K 13 

7 20 NI 13 

  AI 13 

  Q 13 

  K 13 

 37 NI 13 

  AI 13 

  Q 12–13 

  K 13 

 60 NI 12–13 

  AI 12–13 

  Q 10–13 

  K 13 

 70 NI 10–13 

  AI 10–13 

  Q 8–13 

  K 13 

 80 NI 10–13 

  AI 10–13 

  Q 3–13 

  K 11–13 

 90 NI 9–13 

  AI 8–13 

  Q 2–10 

  K 8–13 

9 20 NI 11–13 

  AI 10–13 

  Q 10–13 

  K 13 
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 37 NI 10–13 

  AI 10–13 

  Q 5–13 

  K 10–13 

 60 NI 10–13 

  AI 8–13 

  Q 5–13 

  K 2–8 

 70 NI 10–13 

  AI 3–13 

  Q 3–13 

  K 2–5 

 80 NI 9–13 

  AI 3–13 

  Q 3–13 

  K 2–4 

 90 NI 9–13 

  AI 2–7 

  Q 1–2 

  K 2–3 

11 20 NI 12–13 

  AI 11–13 

  Q 10–13 

  K 7–13 

 37 NI 12–13 

  AI 8–13 

  Q 10–13 

  K 3–13 

 60 NI 11–13 

  AI 6–13 

  Q 10–13 

  K 3–11 

 70 NI 11–13 

  AI 5–13 

  Q 9–13 

  K 2–10 

 80 NI 11–13 

  AI 4–13 

  Q 3–12 

  K 2–9 

 90 NI 10–13 

  AI 3–13 
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  Q 1 

  K 2–6 
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Figure S8. Exponential decay-plateau fitting curves. Decay kinetics were fitted to the 

following equation from the UV/visible absorption spectra of the GBL NI, GBL AI, quercetin 

(Q), and kaempferol (K) during incubation at the designated conditions. ln(𝐼(𝜀)/𝐼(𝜀0)) =

−𝑘𝑡 (0 ≤ 𝑡 < 𝑡p) = 𝑝 (𝑡p ≤ 𝑡); 𝐼(𝜀), integration value of the absorptivity at the incubation 

time (𝑡); 𝐼(𝜀0), integration value of the absorptivity at the initiation of the incubation; 𝑘, 

rate constant value; 𝑝, constant on the plateau. 

Table S4. Significantly different levels of the non-oxidized remaining amount [𝐼(𝜀)/𝐼(𝜀0)] in the 

UV/visible-light absorptive spectra of the GBL isolates under the Tukey’s test (n = 3; P < 0.05).  

pH Temperature (°C) Samples Significant different levels (1–32) 

3 20 NI 27–31 

  AI 24–30 

  Q 30–32 

  K 31–32 

 37 NI 26–31 

  AI 18–23 

  Q 29–32 

  K 26–31 

 60 NI 24–30 

  AI 16–20 

  Q 24–30 

  K 24–30 

 70 NI 24–30 

  AI 14–17 

  Q 22–29 

  K 23–30 

 80 NI 22–29 

  AI 11–13 

  Q 11–13 

  K 14–16 

 90 NI 19–26 

  AI 10–11 

  Q 8 

  K 12–15 

5 20 NI 32 

  AI 19–24 

  Q 12–15 

  K 28–32 

 37 NI 28–31 

  AI 17–21 

  Q 12–14 

  K 28–31 

 60 NI 23–30 
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  AI 16–19 

  Q 11–13 

  K 25–31 

 70 NI 20–27 

  AI 14–17 

  Q 9 

  K 23–30 

 80 NI 19–25 

  AI 12–14 

  Q 8 

  K 13–15 

 90 NI 12–14 

  AI 11–12 

  Q 6–7 

  K 10 

7 20 NI 23–29 

  AI 21–28 

  Q 16–21 

  K 24–30 

 37 NI 15–18 

  AI 10 

  Q 5 

  K 18–22 

 60 NI 12–15 

  AI 8 

  Q 3–4 

  K 6 

 70 NI 12–14 

  AI 8 

  Q 2–3 

  K 4 

 80 NI 12–14 

  AI 7 

  Q 2–3 

  K 2–3 

 90 NI 11–13 

  AI 7 

  Q 1–2 

  K 1 
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Figure S9. Decay kinetics of the GBL extracts. (a) The Arrhenius plots ( ln 𝑘 =

−(𝐸a/𝑅)(1/𝑇) + ln 𝐴 ; 𝑘 : decay rate constant, 𝐸a : activation energy, 𝑅 : gas constant, 𝑇 : 

absolute temperature, 𝐴: pre-exponential factor) and (b) 𝑘 values of the GBL NI, GBL AI, 

quercetin (Q), and kaempferol (K) in aqueous solutions at pH 3–11 and 293–363 K. 

Table S5. Mobile phase composition for sample separation. The % composition of double-deionized 

water (DDW, 0.1% formic acid) and acetonitrile (ACN, 0.1% formic acid) in the gradient mobile phase 

during the sample separation. 1 

Time (min) DDW (%) ACN (%) Flow rate (mL·min−1) 

0–3 95 5 0.2 

10–11 70 30  

14–17 0 100  

18–20 95 5  
1 EC50: 50% effective concentration; CC50: 50% cytotoxic concentration; data with different letters in 

the same column represent significant differences according to the Tukey’s test (n = 3; mean ± SD; P < 

0.05). 
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