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Abstract: Objective To study the chemical composition from the white frost on the surface of the fruits of Phvllanthus 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. Afier "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: Phyvllanthus emblica L., composition change; frosting; sensory evaluation; mucic acid; citric acid; DL-(+) malic acid;
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Fig.1 Picture of Phyllanthus emblica
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Fig. 2 Microstructure and element composition of fruit frost
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Table 2 Quality scores of each element from sample
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Table 3 Analysis of white frosting chemical composition on surface of roots of P emblica
P m/min #FR 7Tk g SEhn X109 CHWAET
1 0.52 il CaHiOs 209.0302  209.029 9 [M—H] ~1.4 191.020 1, 165.038 &
2 0.55 DI CsHoNO: 1160706 116.070 8 [M-+H]* 1.7 70,055 7
3 056 T C7Ha0s 171.028 7 171.028 7 [M+H]’ 0 127.0390,81.034 0
4 0.57 RETETE Cs HzOs 185.044 4 185044 4 [M+H] 0 153.0182, 126,031 3
5 0.55 RiEE-2-0-i fr TR CiHuOwr 3630412 363.041 3 [M—H] 0.2 85.028 6, 209.030 0
6 0.58  Friemg CsHsO7 191.0197 1910192 [M—H]  -2.6 85.028 5, 102.947 9
7 0.58  DL-(+)- L CsHq0s 133.0142 1330135 [M—H  -5.2 115.002 8, 71.012 8
8 826 iRETEEEEE CuHuOw  483.0780  483.078 6 [M—H] 12 169.013 7, 241.046 2
9 14.60  fi B4 g CrHzOi 6330733 633074 2 [M—H] 1.4 300,999 2
10 15.80 $EiEm C1sHeOs 3009989 300999 3 [M—H] 1.3 257.008 0
1 16.50  1-(carboxymethyl) CoHuaOs 187.0964  187.096 5 [M—H] 0.5 141.091 4, 185.081 5
cyclohexanecarboxylic acid
12 1720 WHHEE CisHinOr  303.0499  303.050 1 [M+H] 0.6 153.018 3
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B RN TR SRR R, T
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T omiz 169.013 7. 241.046 2, Z5-480 FadfElr 7y —
WA TEEE SR, LEW9, k=146 min, EHIEE
T miz 633.074 2 [M—H], —HEHENET miz
300.999 2, FHS O 5 B (RLRD me/z BG5BT R
H.
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M omiz LS RS TE 2. hEW 4 QR
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[M+H]", 2R B 153.018 20 126.031 3. {k
G 5 CRig-2-0-% - 7RElE), ,:=0.55 min, £}

BT UE miz 363.041 3 [M—H], BN ET miz
85.028 6. 209.030 0, &4 EiE BT B RR-2-0-
B TR, baY 10 (BEER), w=15.8 min,
BRE BT miz 300999 3 [M—H], Z8EH B 1
miz 257.008 0, FHXORE A miz b 5000 B8 b 8F
TR 3.
3.4 E-tongue &R

E-tongue 38 i £ Ja& 25 [ 51 B2 400 A 2K ) W o fak
I NS S TNE 1 A= gt i I
a-Astree JEKEIRSE 50T 0BT B AN R RE S O
HEATVRAr, MsE4s 0L 4, Wil E-tongue RE 47
] LA IHT FE RE B ERuR AR (e s, B R ASE,
TR R R AT 5, TR R R . R
AL (B 4). E-tongue 44 st B 4 H 14T 7B
XA H AR AR L I B, B R H TR
Ibf: 2 {0
3.5 pHMEMEREEKERIFM LS
351 pH ME&R  45eE THERE T4

x4 TREBRLTHREERE n=3)

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

Eiel Ak s 2 [ %-B -A gk FHEE Il e
81 ~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 -2231 6.58 497 0.00 2.25 8.92 5.93 ~1.13
S5 -19.87 752 471 —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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Fig. 4 Taste analysis of B emblica
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PET 5.
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Ab3E, SR IR VF5 i Spearman REKIR, HisE
i B rh ik B 5 BR KO SR HEAT U S B R
“2.6.47 TR 2o H T MR VE T g, S
iHE5R L 5. FIA Hiplot 8446 IR H V4 il 7
HE. 4. R, &%k, PRI FE,
FREOR AR BT BREE k. [
THM, WrEaRwyLEsS TARITEE, Ekig
LU, Sl fE R teg A s, AR ERE
b e R LR (B 4). KAl SIMCA-P #f¥
(version 14.0, Umea, Fydit) XffulandbfT 3 pldr
S, EEE T (G fERRRREE. SRR,
B4 447 (principal component analysis, PCA)
e R EfrER H THAMNREEESH T

£S5 EEEBHRZIEWN n=23)
Table 5 Evaluation of artificial taste (n = 3)

Fe  Eh R i [mInR-A WA
51 6.83 9.79 9.90 12.04 7.81
52 11.20  13.82 10.84 830 10.13
53 1143 16.24 5.60 10.48 9.40
54 254 1144 4.33 10.70 6.19
85 450 11.71 3.55 11,92 5.94
56 592 1170 5.24 11.73 8.25

WM REARHERN EEE 8, PCA it EALH &
3o 4 By, W ERR, RihrEn s
H 12504 5 R AR AT/ 1R H 7201 B 2 DXl
3 BT #r /i 00 5 H - 254 3 n o .
3.6 FRIERUIRLER

FeBe IR AT S TR (B 50, ATRUACHE,
THEAT DL-(+)-YE 588 (m/z 133.013 5 [M—H] ),
BT (m/z 171.028 7 [M+H]) fES&H P
aiiE, ERESERR, FEEPERETA
Aie TR, RS TR K Y
fUdke, M FRERETE, TAEASRERT
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miz 133,013 5 [M-H] DE-{+)-4F 54

miz 171.028 7 [M-+H]" #4788

it/z 133,013 5 [M-H|” DL +)-3E B/

iz 171.028 7 [M+H] i 788

a-THENT DL+ ¥ RAUAMRQA b FIE DL(H)-FRAERIRE PRI & PRIRIGE  d PR R f PR R

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

before drving  d-mass spectrogram of gallic acid after drying

Es5 mmiEsstE

Fig. 5 Component migration analysis diagram

FRPR AL T im0
4 iTig

WEFCRIN, FrigmE. SERBRS S TR
SHTFHMEEABMEERD, HEd Rk
5 fiRF SR A 3 P2 o G R SR A 1 B OGO, 7
el SRR b, A LR A 4 R RN B
Rk, WIERN, HEEIS, FrENI%E,
AHEERERLEEN R INEE, 7Rl
P UER S, Rl A SR S e o LR ) 5 2 L e
FHVBR AR BRI wn i, £R
SEFPCTERETEL, RSN ANHE MAEE, (B3R I
HT BEEZEITRMEEM, HIFm A fE i
of, AT YR E SN,
AE VBT AW, 2 SEOL AR
MR A A IR, e R A e, R
9 (Ek) REMBCSET, KEHHERTNFR
R i rpbr il [RIAe) Bl o 2 o el A e R S 4
BRI ME Y, 2 S & R e R
fggie, E@irhaaHE THMERm L. Bk, &
H T 1B B 52 T b 10 £ F < Bk o 5 B A 1l
e T B T RCE M R Y R A T R AR
H, MEms gt rg. emsstist - $y
IR, MR “HiE " MR, tk4h, &
FEAE Vg R I, A AR TR REFE R, 5y

AR E R S B SE T ART AR R, AEELEIRE 1S
9R. M-EE ATA PR O B IRt A SR 2502,
n, Frigie. SRR s sk nT RLFRS g AK
R tERE T EE. B TORALTEM AL, A HLEGE AT L
R FEE R R A, 3F B AT REE i PR AT a5
W pH {EYE 0w 95 B B, o &S FER R Y
W, R, M FARMEAGHN S, “thi”
R B —E 2R, mEHLEERNEL, B
1B A A0 AN B hne2s), g8 BArR, SHEF
“UriEH " MR SR 2 M — 2
A hie G 3 A e Y & B n,
v ] 24 3 )48 bR B o i T R S A e iR
fr L1 7E B 2 R » W B AR O ar 3 8
A RE P PR r E R A AR R
M ER R, ARTHEHRE.
AR WAL 1 TR R Y S A A B
thaa it rl eife, ¥R T RE T “rlREE”
FHEWER, AR H T SR 8RS R VA B
24y e ) USRI FE S 24 06 1 0 T S LB SR AR —
SEMEE,
AR ARG EYTEEA SR
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