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ABSTRACT: Objective To study the effects of two kinds of processing techniques, ultrafine grinding and spray
drying, on the metabolites of apple powder. Methods Liquid chromatography-tandem mass spectrometry was used to
compare the effects of ultrafine grinding and spray drying technologies on the types of metabolites, expression
abundance, correlation analysis, and kyoto encyclopedia of genes and genomes (KEGG) pathways of apple powder.
Results The results indicated that compared with ultrafine grinding, spray-dried apple powder had reduced particle
size D[50] 3.91 um, D[3,2] 2.62 pm, D[4,3] 5.52 um, increased specific surface area (850.10 m*/kg), and decreased span
value (2.51). Principal component analysis showed that the cumulative variance contribution rate of apple powder under
these two processing technologies was 82.7%, suggesting that the processing methods had a significant influence on the
metabolite composition. A total of 244 metabolites were identified, including lipids, phenylpropanoids, and benzenoids.
Abundance expression showed that ultrafine grinding outperformed spray drying in retaining natural nutritional
components. The sample correlation analysis and heatmaps indicated that metabolite expression in spray-dried apple
powder had higher uniformity and stability. Univariate statistical analysis revealed that, compared with ultrafine
grinding, spray-dried apple powder had 1172 kinds of substances upregulated and 2550 kinds of substances
downregulated. Differential metabolite correlation analysis showed that different processing techniques were positively
correlated with specific metabolites in apple powder, such as ginsenoside F1 and N-fructosyl pyroglutamate, and
negatively correlated with salicylic acid and aspartic acid, among others. KEGG pathway enrichment analysis
highlighted the most active pathway as the biosynthesis of unsaturated fatty acids. Conclusion It has been
demonstrated that ultrafine grinding is suitable for the production of healthy and special nutritional food products, while
spray drying is more appropriate for quick-service foods and the baking industry, laying a theoretical foundation for

ensuring food safety and quality control.
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Table 1 TImpact of different processing techniques on apple powder particle size
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m/kg
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Fig.1 Overall PCA of apple powder samples under different
processing techniques
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Fig.5 Heat map of clustering of surrogate substances of apple powder
under different processing techniques

226 HBEIHRIAHMN
AR R AL 2B AT P, AR R G T R wis
FF AR A A R ZE S Ol . W 6 iR,



%510 4 KR, e BTN @RI BEE R A 2 235

TR BRI S R AR U F)RSERA b £ Qi
Y h T A5 225 (P<0.05) SR FEA LL, %5 TR0
SERB B 1172 R (PR iC O 40 ) 5 W i,
R LAY e o TR s B3 b, Rz, B
2550 A (Ric i ()R 5 S LR AR, fRRixLeft
ITEARL S R A P o eAh, A 7212 R (e
0N E R WL AR ML, R X L AU 7
MR I T HAF e 55 T BONRRE K- SRS
f14 1 SE A A2 A R 5 A R I T B S 4 SR AR S
Lo Bilhn, W% THeIa i E R R B N-BEE A 322
Ry, oA 21 A N-BESEAL AL 80T 4, 2 A N-BEREAR L
BRI EE TR b 5-) BRI ALK AL
G 33 Mk mRRs IR, XA (g Rl R S mi%E T
R AL BREORA G, AN 28 A MEAAE B, ik 65 A
A BE SR AR E AU A I s AR E . RIS, WSS
TR R BEAR AL AN B Sl At B T i A HE R A AR S
FETE dh i B — bk, WO R Al R R AR T

Control: E
8r Case: F
. Up(1172)
- Down (2550)
* NoDiff (7212)
6 -

—log10 (P value)

or

-20 -10 0 10 20

log2 (Fold Change)

TE: BTl 22 5K 58 (Fold Change)Rd log2 HYXTHLE, S
AR B P value A logl0 AOXTEUE .
Control: E fUZXT HAZH, BGRIMOMTSE R MEEA); Case: F UKL
4, FOR 5 TSRV AEA);
Up (1172): FiA(1172), REFEETILIH, SXT ML, F 172
MR FRIE K BT
Down (2550): F3#(2550), fARAESgR b, S AL, A
2550 LB I K KCF TR,
NoDiff (7212): Je225(7212), UFRAESLIA TN B 2 8], 47
7212 M R IB KO B B E R
Bl 6 AEMTHAR TR AR R G407 k1 &
Fig.6  Volcano plot of univariate statistical analysis of apple powder
under different processing techniques

WERH . M, RO I R AR A Wy 348 5 1 vl
RESBOE T Z R e g, I Z AR BOR S B ™
S B B AR
227  EFMFARK M

i3 2 S AR M AR B, AT LR SEAR S ) 22 8] A2
it —Bolk, #/RSER RN i R b AR ELAE A
e, AN 7 SR, AR EEERIC R E) 5% T GRD
- P E AR50 (18 2 A A S A7 7E 35 22
F(P<0.05). Z5 RN, BN E EMEXAMYOEASE
TFF1 5 N 2R . & R 4-O- & pitr 5 R A
AR . MR SIS, Hob, NRWEEEAES 2R v fEl
TE OIS A e T B B (B S R s b LB 0T o AS AT FI
YER—Fh=m5 2, HAPRARMBIR R, PIETEDUR
A B8 R G v AT RE B RIVE T, BGSR AN AP ALRE ST, M
TTEAR S P 25 v L2 IR ARG . A SR 4-O-Hi A il i il v
bR B AR B R . RAERTEM AT 25 2 R4
eSO, AL 45 AR A BE B A2 B, 7E T B0 sUE T,
TR 4-O- 4G HH FIK 2 2R T RETEME -2 LR AR TN
A SR AR TR DR EIAE T, SR AL AN BRI AE o Pl
TR A FIRR IR, 4 5m AN R Sk, TS UAR S — W (R
ZPREE UM, TERE R PR AR I ST . TERE SR
I (AR R EREL), Al 28 R LW 3 o 8] 42 T 5280 5 T 45
SEMEEE, fEHIRTIE R S . X R EEAE A BT
Y5 A0 L 1 R VA R SRR, DA I AE I I 2% v 52 3 E
ARG X SEACBHI Y TEAH DCHE S e T e A e dn ARt b i
DRRIVER], JEHIEAESC AL | AR AR B B A AL o
XL EE A BT A B AE ROBOR 1R N deReAe e PE A fE
PEo X EERFFESE RS Se i TE i IOk WL 3 14 BT 2 i
FE ST IR G (1 A= P S RE RO R BRI, 506
TE 7B N B AR AR 50 52 Wi AT 5 3 P A
P 2RI, IR E A AR KR 5 R AR
WNRIR 5 TR . Horh, Kl R MR AEY), F94&
Wy 3 0 7 (A D RS ) o R AR NIRRT E IR, 25
A SRR AN, TEAEAE i nEhpaa ) rh AR R ikl
{RYLI, ARAGIRIE S R 2 AR Bk A AU e, Lot
SRR UG . BEARIR M BRI AR IR, T R A
BEMOFINR IR o Ao Hi Ml 2ok 1 42 V405 B 11 32 MR (cluster of
differentiation 36, CD36)fe HE g Bt fiffr, T MRm il ALYy
AR G FE M) 4 75 2K y (peroxisome proliferator-activated
receptor gamma, PPAR-y)#ill il i B AR R HF-fid i a1k o B i 2
G Toll ¥E3Z 4K 4/#% K+ kB (Toll-like receptor 4/nuclear
factor kappa-light-chain-enhancer of activated B cells,
TLR4/NF-xB)ill fEAE 4, T B2l ol 41 8 A 2= Z Bh L s
(histone deacetylase, HDAC)HI I K . =8 I8 B2 IR & 0T GE
T RRAPTR S A R, IR R S X s
S5 HRIE A A TR PR I R R0 DK I T R ) 67 AH



236

%16 &

NS S

KA R
BHIRMEILAE34:2
R 11

T T RR4-O- A
BEARENLAY36:2
WERE H 341

AZBAFF2 |
BENRIEILAE36:4
2R

JRIVjRR26:0:20

JB BT

BHE

R
A
H;

5-[2-(3-IRIH L) 2, 1) -8a-(F2 1 BE)-5,6- — (-4H-IE I 3 2,3-h)

)
£

) il

4]

LES
=R

|
Eﬁft’r ©
=
B ISR SR
ZERRESESRREE

T

o
-

1,10a " §£4£-4.4,7,11b-PUH1 3£-2.3.4,42.5.6,10b, 1 1-/\ (- 1H-F:J
A e

du
30!
o

9

PR

Dt
| | S asN,
T
BT > T

JSH-6-C-BIREB1T-8-C- A

Bl 19
oTE
=
°
=]

&

EE

5,7 FRRE-2-(4- PR RE-3- UL 3E)-2,3-
34-T K

i
[
=5

BEXEE| |ZFENS| 1B

i

TS

| I
s
HEBREE T

ERTRRSRRRSEENES

A-(4-FRHEHEIE)-2- T 36-O-[(4xi)-a-L- LA II 3E]-B-D- Ir;%
£ J

5A218:0:0 I

(25,3R4S,55,6R)-2-[(QRIRAS SS,6R)-4.5. — JEIk-6-(J2 o)

- AR -6-GR I ) SR A EA L 3,4, 5-

A

B
N
|

=3

TE: PSRRI R Z AR S TR, BN, LL@IEMDE, WETARE, BIEBTRAEBIC.
Bl 7 AR T AR 22 5 W B Gk i

Fig.7 Correlation analysis of different substances in apple powder with different processing techniques
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