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Abstract: Objective To study the chemical composition from the white frost on the surface of the fruits of Phyllanthus emblica
and the effect of frost precipitation on its fluid production, in order to provide a scientific basis for the traditional cognition of "frost
precipitation is better" of P. emblica. Methods The white frost formed on the surface of the fruits of P. emblica was collected. The
chemical components of the white frost formed on the surface of the fruits of P. emblica during storage were analyzed by scanning

electron microscope (SEM), energy dispersive spectroscopy (EDS), fourier transform infrared spectroscopy (FT-IR) and
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UPLC-Q-TOF-MS; Electronic tongue (E-tongue) combined with sensory evaluation of volunteers was used to study the changes of
fluid generating effect before and after frost precipitation on the surface of medicinal materials; The content and spatial distribution
of compounds in P. emblica were studied by mass spectrometry imaging technology, and the possible changes of "frost evolution"
metabolites were analyzed. Results SEM observation showed that the white frost precipitated on the surface of the fruits of P
emblica was mainly composed of fine cluster crystal structure. EDS analysis showed that the frost was mainly composed of organic
matter, mainly containing R-COOH, C-C, C-O and other functional groups; UPLC-Q-TOF-MS study found that the main
components of white cream were small molecular organic acids and polyphenols, such as mucic acid, citric acid, DL-(+) malic acid
and gallic acid. Sensory evaluation and E-tongue study found that after surface frosting, the acidity, astringency and bitterness of the
filtrate of the fruits of P. emblica increased in varying degrees, and the effect of fluid generation was more obvious; Mass
spectrometry imaging results showed that the surface migration of malic acid, gallic acid and other components occurred with the
drying of P. emblica. Conclusion The white frost on the surface of the fruits of P. emblica is mainly small molecular organic acids
and polyphenols. After "frost separation", the acidity, astringency and bitterness are enhanced, the content of effective components is
increased, and the effects of promoting fluid, stomach and digestion are enhanced.

Key words: Phyllanthus emblica L.; composition change; frosting; sensory evaluation; mucic acid; citric acid; DL-(+) malic acid;
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Table 1 Sample information

RE RS i FeH SR T ik

S1 180301 = 2018-09  #4k

S2 180401 POl 2018-07  Hrih

S3 181209 2018-05  Mi7E

S4 180301 &= 2018-09  AMTFE
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S6 181209 2018-05  AMFE
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2.4. UPLC-Q-TOF-MS FZE&EIEN T REE
2.4.1 OiE% Thermo Scientific Accucore Cig %
R (100 mm X 2.1 mm, 2.6 um), FEHH 0.1%H
BRI (A -FIBE (B) BAFESEME (0~1 min, 2%B;
1~2 min, 2%~5%B; 2~4 min, 5%~7%B; 4~6 min,
7%~24%B; 6~10min, 24%~42%B; 10~12 min,
42%~54%B; 12~15 min, 54%~76%B; 15~18 min,
76%~100%B), M EAN 02 mL/min, A
30 C, BHFEENS L. FURESIE: SRA A Hm S
B (HESD, IE. fREgrRiR, wi%siEn
3.0 kV, BEFIREEAN 350 C, WSMABREN 35
arb, HHENSABURE AN 10 arb, B TAEMEEIEN
320 C, BFHHVEHEN m/z 100~1500012,
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R E AR ZIEE, FOERE, A 30 min 5,
BRI R, AR E, H 0.22
um FFLIEMESE,  BOEBAE R S TR

2.4.3 RIS E A R BRI X R &
B, NAEBEFRREZE, B2, KHlESrE
% 0.235 mg/mL. #4582 0.352 mg/mL. DL-(+)3 R
M 0.245 mg/mL. % & T 0.225 mg/mL. ] 47 57
0.221 mg/mL. #AEHE 0.231 mg/mL 7R & IR
W, BT 4 CUKAH&H, #FEATH 0.22 pm fFLIE
JEEpEL .

2.4.4 HAESHT R Xcalibur 3.0 BAEHET B
A, W R S P S e R . AR
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A% e
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H5xRMFEAEF, SFE 10 g 9 150 mL G
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M FE R H IR 5 N S1~S3, RITFERH FIHR
PR H S4~S6.
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a- PRSI (X5000) b-BFELEM (X5000) c-BALEH (X10000) d-C TTESMGE  e-O TTESME K TTE /6 K
a-x5000 SEM of white frostings for structure b-x5000 SEM of white frostings for structure c¢-x10 000 SEM of white frostings for structure

d-C-element distribution map e-O-elemental distribution map f-K-element distribution map
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Fig. 2 Microstructure and element composition of fruit frost

*2 HmPETENRENK

Table 2 Quality scores of each element from sample

JLE BEASY%  EFES% FEE R iR
C 36.87 45.58 405.77 0.209 7
O 55.54 51.54 550.44 0.1146
K 7.59 2.88 260.28 0.0656
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Fig.3 FT-IR spectra of three samples
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3.3 UPLC-Q-TOF-MS S #i45 R
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W AR L=, DAREY 1 R, tr=0.52
min, BFE T T8 m/z209.029 9 [M—H], —HE T
WEF m/z 191.020 1, m/z 165.038 8, FET R B i ]
N m/z PEIEH 50 SRR — 30 Wi i e 14t
EWIRER . LB 6, t:=0.58 min, TFESTI& m/z
191.019 2 [M—H], =BT m/z 85.028 5, m/z
102.947 9, AHNHREA T [RIFN m/z HEIE S S5 R AT A5
TR—8%, Eid e e 2 BTG TR . a1,

tz=0.58 min, B}EFIE m/z 133.013 5 [M—H], —%
BITHEF miz 115.002 8, m/z71.012 8, HFARHAEH I} ]
N m/z LE 53RN DL-(+)-SE R R — 2
332 BEEEUr RETFHEARERSRENL
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Table 3 Analysis of white frosting chemical composition on surface of roots of P. emblica
% /min 4k HFA Mkl ekl (if% YT
1 0.52 AR CeHi008 209.0302  209.029 9 [M—H]" —1.4 191.020 1, 165.038 8
2 0.55 D-ii% CsHoNO2 1160706  116.070 8 [M+H]* 1.7 70.055 7
3 0.56 WETMR C7HqOs 171.0287  171.028 7 [M+H] 0 127.039 0, 81.034 0
4 0.57 &ETRHES Cs HsOs 185.0444  185.044 4 [M+H]* 0 153.018 2, 126.031 3
5 0.55 HHER-2-0-% & TG Ci3Hi4O012  363.0412  363.041 3 [M—H] 0.2 85.028 6, 209.030 0
6 0.58 IR CsHzO7 191.0197  191.0192[M—H]" 26 85.028 5, 102.947 9
7 0.58 DL-(+)-3ERR C4HeOs 133.0142  133.0135[M—H]" -52 115.002 8, 71.012 8
8 8.26 B TR CoH20014  483.0780  483.078 6 [M—H] 12 169.013 7, 241.046 2
9 14.60 ] L7 50 CxH2O1s  633.0733  633.074 2 [M—H] 1.4 300.999 2
10 15.80 HEAERR C14Hs0s 300.9989  300.999 3 [M—H] 1.3 257.008 0
11 16.50  1-(carboxymethyl) CoH1404 187.0964  187.096 5 [M—H] 0.5 141.091 4, 185.081 5
cyclohexanecarboxylic acid
12 1720 Mt & CisHio07  303.0499  303.050 1 [M+H]" 0.6 153.018 3

B, NIRRT GE AR, nK R R 2
BB RS TSR, ARH T2
MEH AR EEH 2 MR, (&Y 8, r=8.26
min, FHEE T m/z 483.078 6 [M—H] ", 2 &
T m/z 169.013 7. 241.046 2, 554 Ku¥s PEtE b )y —
B FERARE. LAY 9, ®k=14.6 min, RFEE
T mlz 633.074 2 [M—H], —%WHET m):z
300.999 2, AHXFLRBE RN m/z be 5 X RS AT B
5.

333 MRENEY RETHBMERERS FER
BEFR. WETRIES, ERTT4MENAME
B 4 NSy . a3 GRETIR),
x=0.56 min, BHEZ T m/z 171.028 7 [M+H],
WP BT m/z 127.039 0+ 81.034 0, AH X5 B4 B ]
M m/z LSRR8 (a4 GRE
THRHEE), :=0.57 min, FHEET m/z 185.044 4
[M+H]", 2R & 153.018 2. 126.031 3. 1k
GV 5 CHilR-2-0-1% & TIRKE), ®=0.55 min,

B U m/z 363.041 3 [M—H]", —ZHA BT m/z
85.028 6. 209.030 0, £5&%H FEAHEWT MR ER-2-0-
BEFREE. &P 10 GFERR), ®r=15.8 min,
FHE ST m/z 300.999 3 [M—H], —HET
m/z 257.008 0, AHXF{R BT AR m/z bb X HE L
T3
3.4 E-tongue 744

E-tongue i Job f% J& 2 B 51 A5 400N 2K Rk i Jek
SN T/ S NS S A=) Siie2E U I 25|
o-Astree [ R G0 W AT AR S AT 7E FE L 11K
HEATVRY, MEdE R WK 4, #iT E-tongue R450
M AT LU INT FEFE i BRI AR A e K, B S 3 o,
R RALAS A G5, AR L R
HIHEAL (K 4). E-tongue 7M1t AR H 4155
XA H T RIREZ AL B, FEERE A H TR
R K TR
3.5 pHIMEREEEXIKIFMNLE
3.51 pH MEZAR  Huldle THERE T4

F4 TEHBRLELTHREERE =3)
Table 4 Taste information values of different dilution ratios (n = 3)

Fg Rk Bl R [F]%k-B [EIBk-A fif R FEE JRk
S1 -2.29 1.48 4.87 0.72 6.81 4.29 6.85 -1.91
S2 -1.75 1.23 4.00 0.61 6.29 4.00 6.95 -1.83
S3 -1.50 1.05 3.20 0.47 5.49 4.40 6.97 -1.26
S4 —22.31 6.58 4.97 0.00 2.25 8.92 5.93 -1.13
S5 —19.87 7.52 4.71 —0.15 1.38 8.65 6.01 -1.98
S6 -12.59 5.78 4.45 0.11 2.78 7.08 6.42 —2.84
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352 FEFOELWAR HHslind Rk
WbER, Xt IR VEAr i Spearman REKLS, HF 5K
5 25 SR ik B G Rk BE AT AR A B . R
“2.6.47 WU TTERRHF R HAT SR, S
THEE R L 5. FIH Hiplot #45 E R F W 3kT
W T, 4. B gREKE. PR3 AFE,
F R S AR BB R AR . W —HIR R
T2, REHERRIR S T RIS, Bkt 2
FAUEUEE, MR o RS s, AR AR
Hrie e W R gsR (& 4). RA SIMCA-P #ff
(version 14.0, Umea, Hfidt) XPHR 5 AT E R
AT, EEERE (Ctr) ENPREEE, 458K,
F M (principal component analysis, PCA)
RE7R 7 LR AT RE AR T P MR LR R+

c-RTESIER  d-TR T E
a-pH measurement results b-heat map of volunteer flavor evaluation c-results of E-tongue analysis d-PCA analysis chart
4 KHEHFRESHE
Fig. 4 Taste analysis of P emblica

x5 TERERETN (n=3)
Table 5 Evaluation of artificial taste (n = 3)

P R Rk R [BIBR-A MERIMW
S1 6.83 9.79 9.90 12.04 7.81
S2 1120  13.82 10.84 8.30 10.13
S3 1143 16.24 8.60 10.48 9.40
S4 254 1144 433 10.70 6.19
S5 450 11.71 3.55 11.92 5.94
S6 572 11.70 5.24 11.73 8.25

2 R ARIE RN 3 BE ., PCA 7 b Ja RRAILRE b
Mg EaE 4 Bras. PP B, RIITERR
2t SRR R R H T 248 98X,
It HR AT R AR H T 256 4 k.
3.6 FRILERRIGEER

PO TR fa s it % (B 5D, mTBUR I,
TERT DL-(4)-3E 28R (m/z 133.013 5 [M—H]),
KETR (m/z 171.028 7 [M+H]D #4&HFHO
SR Z, EREGTERIK, FEEPERTTA
e TR, SRR SR E TR BEK 1)
HUR, MRTFRERETHE, XNEASERT



* 3494 ¢ FE B 2022668 #53% B 1Y  Chinese Traditional and Herbal Drugs 2022 June Vol. 53 No. 11

e Vi (

m/z 133.013 5 [M-H]~ DL-(+)-3F 58

m/z 171.028 7 [M+H]" R E&TE

m/z 133.013 5 [M~H]~ DL-(+)-3 82

iz 171,028 7 +H]* BETR

a-T AT DL-(+)-3FRIRFUE AR b-THSE DL-(+)-FRIFUERE R o TRATR S TRRAUERG R d-THRE B & TR G A

a-Mass spectrogram of DL-(+) malic acid before drying b-mass spectrogram of DL-(+)-malic acid after drying c-mass spectrogram of gallic acid

before drying d-mass spectrogram of gallic acid after drying

Bl 5 moEBahE

Fig.5 Component migration analysis diagram

PR T W% AF
4 g

WHARRIL, PR RSN TH LR 2
RHTFHMER AN FEER S, HP R 2T g
5 i SR o R v (R RSP IR AR M B AR R0, 7
RER IR M, AR R SORT = B
BLRBE WA, WHEROTD HHEIS, Frgios,
AHEREHEERLEE R IR, 78R SL
VENNFIRERAD RS S A AL 1) B 28k FEE Bk
FHEYBREY G R BRI T s 728
SCRUSCT R B, RS AN A7, (R AN
BT B2 BT a/E T, FCRPIRORI AR i 4
5, B IRA RIS E KRG RIS, ik
G N SE UCEARE =Y, I RSB N
T AR B e, e AR, R
(M) REAROSEIT:, KEFERS NE
B AR rpoAT [ B i 5 R T A A At 85 2 Ry
K A EEAL AR IR, 25 AR 2 R A e
FFAL, FEHTHBIRETAMER B Bk, &
H TR B2 T i 8 1 F 3R T sy 2 L 12 4
I, TAE Y B A P R4 R A iR A
i, BERBSWRETR. FERSRER
AR, INTEHIER “Pria” IR, sk, &
B OIS OR I, SRR TR RE Sh, MR )

WARE e oy W IR T AR RERE ML, A B R IB I A4
Sio T E AUE HLER IR X NS 22, 431
n, FPERER. SERERAEACHE AL AT AT K
FRGVERR R B 1B E R Ah, A HLERIE W] LA
TR RSN R 2B R T Hol el Bk Al
o pH AESE I VS KIRAAC,  Re )2 45 AR 8 1
R, AR, X FANFER SRR S,
Wy B —E 2R, WMEMEZEHINEE, &
KB S A0 R AN & A N2, gx BRIR, R
“BriE " RN EEARIUNAT 2 5 2
TSI S B R T 4E K A Y A R N,
(i [ 24 SO FE AR TR ) BB T BRI B B iz 2P
B HE PR IR S oy, A AR AR RS I 3
TR A RN S AR R H AR A B
HEIEHNgE, AR T HARORIE.

ARSLIRRIE T T A TR R ISR S
PraE e ReiRAE, YRb R TRE T “PrmE
FHANR, AT bR Rl 7 A b B PO S
LI I BT AR S ZG A I it o S LRSS T SR A —
EMZSE,

ABAR FIAEHEHFRARELEANZFR
SE 3
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