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Fig. 1 Schematic diagram (a) and physical picture (b) of DAC high pressure device!'"
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Fig. 2 Schematic diagram of high-pressure NMR equipment!'*!
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Fig. 3 Physical picture of PE-cell
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Fig. 4 Internal cavities of the IPMDH dimer and observed water penetration: (a) and (b) show internal
cavities of the IPMDH dimer as surface representations at 0.1 and 580 MPa, respectively; (c) and
(d) are magnified views around the cavity at 0.1 and 580 MPa, respectively
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Fig. 5 Unfolding of SNase and cavity-containing variants: (a) SNase 3D structure and (b) fluorescence emission from SNase

tryptophan (trp140); (c) high-pressure fluorescence average emission wavelength profile for I92A variant;
(d) volume measurements were performed on SNase and its 10 cavity mutants

& B AR i B I PR, 7E HHP R JCvk 58 @ Blifb, BRI T8 R e B B SRR i T R A . PPO AN
POD &5 | # £ 548 728 (9 2 Fb 32 B, o 2 B i TR 9 2 b, DXLk, ) 78 SR 555 I T v U AR AR 9 M
R FE I E s PY Zhang AE P05 Bl R 2 06 AR - ) 2 5445 (atomic force microscope, AFM) 5545
ARWF5E HHP X8R o8 20 fk ) il CHRP ) 35 P RO PAES M i 52 e, & 8 HHP e fff HRP 4> F R 4B g K
A1 SR A (] 6), 520 HRP (935 P ol i 21 38 5 60 20 R 5% 5 22 1] 14 BE B AN/, IR 5 R i 21 2= v
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Fig. 6 AFM images of HRP solution under different pressures
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5 15 W5 i ( Rhizopus chinensis lipase, RCL) BRI G MR A A 9947 Ry, & B TR H2% 635 (fluorescence
intensity, FI) /5 T RS, W HHP 2028 T A5 10 6 09 A9 GOIRAS o SR, 54 A i i, FTASCHE 434K
5. FLIYREIMEERB, Trp SRIEM VR AT e & A T 2481k, BITE 45 5 9075 70 2 40 ok O 45 9wk ] 161 1) 22 R 1R
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TE R S — T LI R KA S o Y TE A ORI AE A K B B0 BT, YE A & A AL, 355 I TE
TE XI5 S5 BT 5 W S K G, AEL S it ¥ 1) o S R A5 L JORE 285 40, 1 3 T 240 58 e A . 7 e 72
o ELAEE R AR K T BRI, B TR IR B A B R U HHP Ab HE e Ry v FT R ol AR SE K A T NSRRI A T 2
(i) A I A Ab 2 B, KA F D7 4 FH T B il 2F A D A 0K, R A8 15 I /K A AR B2, B IR U o Ok R T A
SEEE R RIAL, DT R AR U 1 ST S, BRAS T T A TE A R R

B 7 fe 1 Al eh 1 A G UE R ) v H Ak ik R R B s o Ak SE 5 A BT 2R B . — ok
Ui, AN [F) 45 & 28 P U8 A0 A T 55 15 0 AN TR), A-BRTE B X HHP S 0%, C-HUTE Mk 2, B-RITE Ky LE A 3E
By B e 7344, Lin 580 R FH 85 FE 2 5 AR X 3 AN [R) 45 5 U JE M R 47 S o2 W, 2 30 T W AR i 3h 2
AR A-GE ALY EOKTE R TE 400 MPa B AR i i ik & A= 1k ; B-45 i ALY + G 3E M FE 600 MPa | &
A= VE R AL s T C-45 A LAY B L VE KR R 500 MPa B S8 Ak . FERIRE R T, 1 SUEM R i [BDE,

p/MPa p/MPa
w \Q.MNM
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EONEWIIN
LM A
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Wavenumber/cm™! Wavenumber/cm™!

(a) In-situ Raman

(c) Ex—itu electronic microscopy
P 7 e BRI AR AL 5 BRI AT L S S Y e A f e

Fig. 7 High pressure gelatinization process of potato starch through combined high pressure in-situ and ex-situ study
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UKL s 24 16 77 38 fin 2] 500 MPa B, + 538 By SR 45 I0A ORI A4S, (BSR4 Se VR I Ak 246
K F] 600 MPa B, fX R TEH MRS A PR P2 046 (477 em ™ b)) L K5 C—C—H 35 Y1 4R 3h
C—O—H By PR sh A SC M Hi 2 i (867 em™ 4b) T 2%, Ui BH R 7 A 35 B0 493 43 1 L 25 1 L 45 5 4t
XK, BALAET EEEMHL. e AR TN, JCEFE R S 776 T I 58 8 Ak 155 00, (R 7 30
R J& HEAT #2003 R R S BRI o K DA 5l DA ) Ty 2 T M AT M 2 A A
K BERAL Y Bh A5t 7 o

#1 TEEMPERMSEMLEIBRHARNDZHES

Table 1 Thermodynamic data of potato starch non in-situ high-pressure gelatinization experiment'*’

Pressure/MPa Onset Peak Conclusion ].En.thalhpy of ) Gelatinization
temperature/°C ~ temperature/°C temperature/ °C gelatinization/(J-g™") degree/%
0 52.7£0.3 58.3£0.5° 66.2£1.0™ 3.163+0.043°
200 53.3+0.2° 59.8+0.5" 67.0+0.2° 2.878+0.066" 9.01
300 52.9£0.7° 58.8+0.9" 65.5£0.6™ 2.846+0.127° 10.02
400 53.4+0.5° 58.7+0.8" 65.1+0.8° 2.435+0.065° 23.01
500 55.0+0.1° 59.5+0.1° 65.6+0.4" 2.188+0.037¢ 30.82
600 55.9+1.6" 62.4+1.5% 66.5+0.5" 0.353+0.082° 88.84

Note: Different letters (Superscript a, b, ¢, d, ¢) in the same column indicate significant differences (P<0.05).

33 EWMEYMHSFENNR

HHP £i R BARZ L, Horp 2 —J2 n] KB b P Gl A=) . HHP Al 5 | 200 M AR 228 L o 1A P i
3tk U, DA T 5 B4 A % B 452 Ak, 5 )5 A P AR BRI AR T 18T 8 D B DR A1) i aod o7 G Fi B
(TEM) VL5 HHP 4b B 5 ARG 5 2E AT 18, & IR Ze HHP AbHS O SRR 2 S sl 2 Mk i . &
Fr VR 240 BE Jey PR IR, B ST T, 240 R o B H X (I 8(c) R RRIE 3 Ab) EAbFE A, IR )ZE IR
TR (151 8(d) FPbmic 2 4b) o ZEAN & Wniltkis, B R B 1 1 X (18] 8(c) FAmic 1 Ab) sy & W4t 2%
L, Hh B 7 L 1 B (] 8(c) Pbmic 2 b)), 40 BE sl At 1 Shre 5k B (M 1AT 8(c) HhAmic 4 &b), LARZF

P8 AERLZFALFFY TEM EHE: A RZFRFF Y (a) IR EITBAM (b) IEH AT (Fi L8 mE 57
HHRREERIERAY), ()~ (d) v I I v B 2 FAT TR R B IR ) Rt 1
Fig. 8 TEM images of Bacillus subtilis: (a) normal vegetative form and (b) normal spore of Bacillus subtilis (Arrowheads
point to the remains of vegetative cell wall); (c)—(d) nutrients and spores of Bacillus subtilis atter HHP
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T A9 b7 Rl 52 SR B, A% Xt B L 1 X (18T 8(d) hmic 1 4b), IIET 8(c) himic 5 Abid ] LU 5], 2F
T & W IEAE S . 1R G U], HHP Ab BT A 808 KA S AR Y. SR, i T H A
AR JEAE T RETIUR A EAT WA W0 104 2% T A B P R T 25 45 R e A, Gk S s SO0 ol A 0 A o s
e g e v ) BARAR AL, DRI, R SRR GRS 5 1A Bl A s I HAT ) e ) 1o JH T3

JEAD R WAE IR R TR 22—, 25
A SO R R E R B B AR A . 5 Y

Ethanol C—C stretching

B BB L, BB TR R B e 2
FIAZIM, 7T LS bR SS A% . Oger %518 Jy iff \g sl

78 HHP 4bBJ5 DAC T RERE 400, RIS 5 24h
{0 H O RERE B 3D 5 Wi T HoA DAC Froftigt 5 10f

Witk WO R, WA ZBEROAFR C—C B 3 OSA/W

X (883 om ) fE NS H ik, 24 h J5 XK C—C 1Y oh

P AR I 8 356, 1 DAC T 35 77 5 v 19

0 I I I I I I
700 750 800 850 900 950 1000 1050

SRR IR R T 2. UL B —
LSO 15 DAC 25 1T IS U 2 4 9 B9 DAC PIERIEE 30 °C. 25 MPa 4 F
AR Oger 897l Tk it 198 B DAC 254 X 4t iR 24 h R LS

2R, TR W HHP T AR 98 A4 AT B X VA iR 6 Fig. 9 Raman spectra of the culture medium inside the DAC
B EVE . X S g Uk T 45 M (X -t ay at 30 °C and 25 MPa before and after 24 h incubation

absorption near edge structure, XANES) Y61 i 7, 24 h P& W H 04 S0 G iR 45 3% i 9 B R, 24 h 57 ik R 58
B, XANES S 15 AN F5 08 735 S0 12 46 9 < DTk, DRl s (o 52467 v s DY 3 v 552 s 2 2850 0 D00 o Y o ST G 7 6
PR R . DL S5 R R, JEAOGTE A 0 N T 0 B K, RTARAS HHP T (0 9 L 5r A3 %) 3
E R

P LA 2 OGS B AR R — R AR BEIRE L TC AN AR 10 Y T 12, AT AR U6 4t M P RRAE Ak A R PR 3
AR PRI A T 0 N TE 4> T B0 dl A 5 AR e [ E AR (stable isotope probing, SIP) | I & il {5 %
Fe AR G5 G, ¥R 58 00 1 Al 6L X 9y o W L S ) AR AR U AR A, AT HE T AR 0 1 A K Ao R ) 5 A0 BA
o P2 HEOR 5 50E R R PR iC B (Raman-SIP) 322 PC., PN FPH B R 6 [FA2 %=, H AT 8%
Iz T RHCEE, o BC FRid Ak B W AE A Y R Iz o Sk d SO AT B R ],
TR V)40 P A A AR RS Y, (145 BV ST SR A W D e FIAR I S P RE . Noothalapati 555
W5 R, HoRPRiC4r OGS AR L, B A PC & B3, 22 A S B R b 2ok kAR TR,
HE— 2GR T 43T B0 2 A B RE A L C=C hr A, Cui %Y iz H] Raman-SIP J57 58 T FRBEHE i
D RETE S PECAE W, NI 10 Ha] LUE i, 5 RARIC AL 201G TS AR L, TRl 3R AR ic B9 40 B ) B
15 & T W RIS, bRic i S W RS nT U ) D) e 1 A B BT A T

1114 7

SNH,CI

Raman intensity
Raman intensity

800 1200 800 1200

Raman shift/cm™ Raman shift/cm™
(a) Raman spectra of Azotobacter sp. labeled by °N, (b) SERS spectra of E. coli labeled by "NH,Cl
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2 800—-3 100

BC-glucose
2 2
é 2
8 ]
£ 2 040-2 300 &
é é 12C-glucose
& g 1 000
800 1600 2400 3200 800 1200 1600
Raman shift/cm™ Raman shift/cm™
(c) Raman spectra of E. coli labeled with D,0 (d) Raman spectra of E. coli labeled with '*C-glucose

10 RARic (L) Mt IR AR bric (21 6) 405 19 S0 H & /SERS b1k
Fig. 10 Single-cell Raman/SERS spectra of unlabeled (green) and fully isotope-labeled bacteria (red)

P2 RSB FE TR i BT 80638 A2 iR i D R (1R, ﬁﬁﬁﬁ/\i‘vm&&ﬁk@% RER 1 78
RE il B R 3 R HG 23 ) e A IR B B Hi‘ﬁgﬁﬂ%fj SIP K, AT DX 7338 2o A ] A Al A3 a4 A2 A1 B[]
AR I A AL 2 43 . Venkata S50l ik SIP 547 8 AR 45 &, FITI AR F1 BRI AR BT A9 AR AE L 2 0
A7, Bl AW I7 5 rp P-4 4 Wl B R A D 40 AR R AR P 1) o 2R3, T 400 M PR i ok 2
ARG TN, P 455 PC R MR R R S R E LT IR R 4B s T o) 4 R A M R IR 4 3 S

(a) Optical image  (b) GFP image (¢) 1003 cm™! (d) 967 cm™! () 1301 cm! () 1602 cm™! (g) Corr. image

<
5 um
—

[ ___— [ — ] O 1.0

BT (a) TR C-AIAHE Y B SR v A 1A B SRR TR R 240 0 4 SE I AU 2 S B AR A 247002 TR (31 h Y
SRR, BERUIA R, (b) ALK GFP JOBEIMZR, ()~ (D) 43 5I7E 1003 em™ (PC-E FITHAFRIFRAL ) | 967 cm™
(PC BUREE R AR IAIPIARE) | 1301 em (JRBUAT- TN CH, 41l A1 1602 em™ AbAHL2 IR, (2) (d) 5 (e) MORHREIE
Fig. 11  (a) Time-lapse multimode Raman imaging of single living S. pombe cell grown in *C-glucose-containing medium bright-
field optical images of the target cell. (The arrow at 31 h represents lipid droplets, which was recognized as black dots.);

(b) GFP fluorescence images of the cell’s mitochondria; (¢)—~(f) Raman images at 1003 cm™' (Phe breathing mode of
">C-proteins), 967 cm™' (Phe breathing mode of '*C-substituted proteins), 1301 cm™ (in-plane CH, twist of lipids),
and 1602 cm™; (g) correlation images between (d) and (e)
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Research Progress of In-Situ Technology in Ultra-High
Static Pressure Food Processing

LIN Yingfeng', FU Chao?, ZHANG Sinan', YAO Xueshuang', ZHENG Zhenhong',
YANG Jiaxin', JIANG Zhuo'

(1. College of Food Science, South China Agricultural University, Guangzhou 510642, Guangdong, China;
2. School of Food Science and Engineering, Tarim University, Aral 843300, Xinjiang, China)

Abstract: Ultra high static pressure processing technology holds promise for food sterilization, improving
food quality, and extracting active ingredients. Traditional research typically assesses the analysis of the
structure and function of organic matter under high static pressure after pressure release, capturing only
irreversible changes occurring during compression. /n-situ monitoring under pressure is rarely conducted. In-
situ technology provides dynamic insights into sample behavior, offering a deeper understanding of its
transformation process. Consequently, recent years have witnessed a surge in-situ studies performed under
high pressure. This article reviews the advancement of high-pressure in-situ analysis technology and its
application in high static pressure food processing. Key areas covered, include structural changes and phase
transition intervals of protein folding and denaturation under high pressure, in-sifu investigations into the
mechanism of starch gelatinization, microbial in-sifu monitoring and the challenges of in-sifu technology in
food processing.

Keywords: in-situ technology; protein; carbohydrates; microorganism
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