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Preparation, Characterization, and Application of Coffee Peel Carbon Quantum Dots for
Preservation of Chilled Fresh Pork
LI Chunyang, GAO Qin, ZHU Xin, WANG Xuefeng", GU Dahai”
(College of Food Science and Technology, Yunnan Agricultural University, Kunming 650000, Yunnan,
China)

Abstract: To realize the resource utilization of coffee peel and develop novel preservation materials, carbon
quantum dots (CQDs) were synthesized using coffee peel as the raw material. The physicochemical and struc-
tural characteristics of the prepared CQDs were analyzed by X-ray diffraction, fluorescence spectroscopy, and
other characterization techniques. Meanwhile, the preservation effects of coffee peel CQDs fresh-keeping coat-
ing liquids with different mass fractions (0%, 1.5%, 3.0%, and 4.5%) were evaluated. The results revealed
that the as-prepared coffee peel CQDs possessed an amorphous carbon structure and favorable fluorescence
properties. Active groups including hydroxyl, carbonyl, and amino groups were detected on the material sur-
face, which is consistent with the typical structural characteristics of CQDs. The preservation test showed that
the quality of chilled fresh pork in the blank group deteriorated significantly during storage. On day 8, the pH
value, TVB-N content, and total bacterial count of the blank group increased to 7.34, 30.500 mg/100g, and
6.933 1g (CFU/g), respectively. In contrast, the chilled fresh pork treated with 4.5% fresh-keeping coating liq-
uid exhibited the best preservation effect, with its pH value, TVB-N content, and total bacterial count de-
creased by 13.90%, 26.88%, and 5.77%, respectively, compared with the blank group.

Key words: coffee peel; carbon quantum dots; structural characteristics; fresh - keeping smearing liquid;

chilled fresh pork
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WA SR B A Sy b 5 SR n T BRI,
A F B 100 kg SBEFE AT =R 2 39 kg W7, HOE FR RS
5 21%~32% WK A . 10.69%~11.02% 1T
2.0%~7.0% R& 5 % 7.35%~11.75% ® ¥y 52, (HF [
W 7=l AR AR 77 A2 24 30 000 ¢ 5 B2 R 3R, 228U
ek ek A B R A SR R TR LSBT
F IR B Toum I FER

5 M (chitosan, CS) & H AR ARG E S AW
BT ORUR) 2, IEAER , AR RS 5 A iR D
PORMIF G AT P 2R 4 R Soe R e 4 TosR B 4%
ZRTES, BTG ER, e R EA R AR b
FAL SPURETERE, TT A R0 2B SR EE Y T T RO,

1 I B A R v A o R YR R B AL 4 ]

— B8 B 5 (carbon quantum dots, CQDs)J&—FHr
BRI AERRANAKARL, Bgg 5L ge it 1 RO B &6
REA/NROT Rtk TEA W BT AR A DG 8 Sk
6 RS U2 B T2 ORTEY, CQDs R &R
B OREE FE A Z PGV E B AN LB A
AT I A T, 3 TS A R K S A R R — 2D
PETH R RACRI, CQDs SEHM B 1E A 3= 20 T
FH &5 18 5 3% P 4 (reactive oxygen species, ROS) /-
SR IEEHLHIN, CQDs FE T Y 2 R Ik A 1 45
IREE T S A BT ¥ A I 45l R 19 T L ey, AT R T
R 0 20 TR o 5 Z R A LR T R A A R
I T 00 ) 7 8 P D 3 I 5 4) 0 fit , Be G5 3
M H Rguzel, SRk, E N CQDs 7B i B I8 U Y
WFFEAWITRA o Fan SF140 CQDs/7 R ME LR 5] T 6if
P vE TICOR G 5 2 ok 40056 4% (0 B B B CQDs 29016 5
G TEREOL S, W] F IR A I T 5 AL 25 2R A UORIE S £
Ak CQDs B M BT 8 A PSR Y, BB AE 1A i i BT 28
5 B R AT e B K T 2R e Bk CQDs/5¢ MR IR AR W T
A SR i G D) B 5 5 b B ARSFEUSIR £ ) CQDs/R L0
@?(polyvinyl alcohol , PVA) & & 7K BN I/ 2 S BET
AR WFST R, CQDs ] 3 i Bl IR 40 i i i S
ROS S AN IS BRBT B I B AR 2450000, £ I
BRI PR RE AL, AT e R 5 T B CQDs, 42 T
T AR Rl DL R SR B 5 e RO AR R AR A
s, TR (R o A DAY CQDs | AT 1B 3%
P

UHTA CHIHESR K2 CQDs 751 i P fif 5T 1) 17 H]
WFEED 5 RIR & o3 7 BB A 1 P ] O B A4 R
Bz RGARTE . [ SRRV S5 A v i I 5
S BRI B A A v AR B FE A3 e . it
FELAMMMESR K CQDs 558 Ml g Febh ] 5 52 5 PR i Uk
PRI % B 0 A R B o A R ) o v S 5% PA)
JoT B R R S AR LB, LSO i e bl SR B VR TR

PR IR, AR v S5 PN 2k 0 PR LR SR AL BB SRR

1 #REF*®
1.1 FEMRS I

AR TR < TS 5 ISR R < A7 Bl o el 5 7 3R
Wi (A3 HT4t)  TCAKBRFR BN (41 99% ) . K tEp Ak %
AT IR T s 2 M (LB 99% ) « il sk bR}
F AR A B 7 5 8RR (A3 #r2l) - REETT KAk 2= 1
BAEAN s 2R TCIK L (X8 R 43 b ) - ) ARG AR
B A PR 7D 5 BT AR e H 3 (38 R 43 B 2) - R
TR BRAL A0 BR A w5 F 32T 48 7m0 R e
G A (ER Ml ) « RKEE T KU fb 27 0 B4 A BR
AN S
12 FEMUSHERE

SX2-4-10 BRI LG g dr . 1 BRIE B 7 e A BN 7 5
SR-MS-6D RUfE Sy a5 « 5 M IR i A BR 2 7] s H2-
16KR 7 75 20 15 3 v v AL - 0 i ml A i £ A B
A3 F9TProl17031 BB HOB BT B OB AR
AR A PHS-3C B pH 2 A Rl 22 A 25 By
A MR 2y 1] s Bruker Tensor27 B B A8 50 2T Ah TS AL |
D8 Discover % X-SH AT A : 2 [E Bruker 2 &) ; DHP-
9082B Y i A IR S R4« LI —fa B A PR
] ; GFK-5-25 RS R 48 KON BR B AL SR i 2 A IR F
FD-1A-50 BIA VR 1B L3 HE SRS il A PR ]
1.3 Rk
1.3.1  WiHESR A2 cQDs Byl T2

B 10 g MIMESR B8 A 80 mL 4K HiEFE 2 h, il
A 6 mL & R R 28 180 “CH#A 6 ho il £
IR E I 0.22 wm PR AR UE  BICA 3 500 Da 119
BATAE BT 24 h, 5 8 h FH— BN . K&
T AR SR R SR FHYR VR TR LT 4 d A3 BB AR
IESR K2 CQDs.o
1.3.2  fiiE T SRR
1.3.2.1  X-SFEAi 4T

Z RIS Dy I E RS VRIS L, SEIMHEESR B2 CQDs
3 A X5 )l TR R i 5 P9 O S Rl 28, R XS A
SRS i L 3 T S R 25 4 L e T L R 4°~80°,
AR 5% /min, 2 0.02° DL5E it
1.3.2.2  FEeikpy e

16 R PR S KN 480 nm . K P IR K R
560 nm  FHEHEE M 1 000 nm/min F A3 B FE M 1 nm .
PR AT T MR S SE X9 10 nm B 650 VK&
T4 S kB Kl 521,522,523 ,524 525,526,
527.528.529.539.531 nm | WIS R A B A ¢
i .
1.3.2.3 (B AR LT S B 4

AR e S B 220 T v I RS VR A i, T S o
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T B 32 WK, OETE D HER 4 e 43 S R TR L4
FE R B A TR R R KR LD TR L (R B OM-
NIC F 40 5 BB R AE | B AR F7E 25 °Co
1.3.3  fiim A VR 5 PR R v 9 i
1.3.3.1  PREERAI AT
Z M Fan 09 07 15 REVEAE O, R FREL 1.0 ¢
SEEBEHIINA 0.0.015.0.030.,0.045 g W5 Bz A i
TR A 99 mL 47K (1 mL Z BRI, i I FEe%
Pt 2 h J5 o SR R 4O 0%.1.5%.3.0% .4.5%
B LASE SR R R T B SR F2 CQDs PR EEIRIRIR -
1.3.3.2 VM A Y i Ak B
48 1T 17 2R WA 1 2 e 5 TR S0 5% 79 IS RN 24 O g
)G, 43 % 80 ¢ ZE A7 B4 A1/ INBe 48 -
1.3.3.3  FEAhAb B
H Ak S P B PR PR B e A 50 4 1R AR o A 404K
H 0% (%5 H 4, CD/A) . 1.5% (CD/B) . 3.0% (CD/C) .
4.5% (CD/D) PR EE IR AT H 12 LR 58— 28 5 min;
IHE 5 A5 A ) R B TR R TS 1) TRV B, 5 A
SERIBOA G RS FE LR, A BE R LA 5 4
[T ARE S O 4 CHIVKAR TP RAE s i8R A 8 d, BER
FARER I A pH A 5 A PSR IR S AR v B
1.3.3.4  VREE R pH (AR E
Z: BRI i O HEAT R (T pH I E
pH {H . ERFRBOM TR S 19 BE R A RE 5L 10 g IARE
P I 100 mL Z2 487K, 7648 3 R = 4 30 min, 5
5 min FEFE 1 W 7R E AT B Se R & S T A1 SR e
XV B R G T I A, FREE RS e 2 ) 4 R
HIBUE IR T2
1.3.3.5 VR fff 4% e MR R U B il
5 GB/T 5009.228—2016 £ i 2 4 [F % Fr e
1 i R Rt R S U S ) P A R R B R
AN [1) 4 JBE A 3% AR A B Ao 1 ¥4 S0 5 P )4 2 MR
3 A (total volatile basic nitrogen, TVB-N) & &, %% F =0
T
(V, = Vy)xex14
m X ( V/VO)
K X AR PR IR & i, mg/100 g5 Vi HFEI
TH FEER TR AR 1T S T AR B, mL; Vy AR5 28 T
FE R 2 b 10 8 8 S W AR B, mLs VO BRURR VAR L,
mL; Vo AEE SRR BERUERTR  mLs ¢ S ERFRAR I 2 I
W) SEBRVR BE , mol/Lsm AL i L g0
1.3.3.6 ¥ Hf5 A T T VB I o
Z M GB 4789.2—2022 £ /ity % 4= [H AR UE £ b
AL P2 K 50 BT 5000 52 ) Hh 1 X A [ R A4
B LR PRV A AT P ¥4 B A DA 1) PR V% B A T
1.4 BAsgit
W TR 3 W, FH WPS A7 50 R s Bl 45

X= 100

AP B b3 2271 5 R T SPSS 26.0 AT HL R 5
2203 M, P<0.05 Oh 22 5 0 2, LURH X bp o 22 DA 5 1%
K% % 5 H & M 8 FH GraphPad Prism 8 il Origin
2024 S8 BRI 5 70 Hr

2 BRE5HW
2.1 WIMESR F CQDs 1 fh A 454

X-BH R AT HT (X-ray diffraction, XRD ) &4 F Fh{AAT
S DB R RS R SRAE T AR, AT i AT SR S A BT R
st P i AR 25 4 Lt T () P R D HE A 2250 Mk
S EA 2SRRI SR R, CQDs BB 2R HES T, 2
PR 1) TG 5 T e 25 #9201, H Bk i PR A AR
A BT R TR A B ) E BRI 5 S 4K AR 27, o
MES Bz Bkt T A5 A9 XRD EE A 1 TR .
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Fig.1 XRD pattern of coffee peel CQDs

A 1 A R SR AE 20.8° 40 HH I I A T AL SR HE
T 06 | A W ER S SR 450 1 45 A R AE I, 50 B T o1 4 P i
MESR Hz CQDs i 2R RS TC Ty, 52 30 8 78 1) TG 52 TP flk
5K o RS R S 2 HUE Y TSR T ISR S e A
— B, 2D EE T ik S R A SR A s T TP
TR A4 i ) VA B3R T 20 Y 490 A AR X — 3 i A A1,
2% AR A6 o SR B A R CQDs HAT 5 SCHk R
TH A A Y SR S5 R A
22 PO

Bt o SEAR R A0 FE 25 4 R B R B R 9
TR R DI AT AR AR B B AR R K
5% S DT 500 S5z e 5@ 6 K YRR AiE RS, i
I Rz Bl i s U R S e ek an sl 2 B .

P P 2A AT AT, Wi SR R L T IR T
FEE KA 7 rp s BB S A0 A5 5, b B R
K VEN T 397 nm, B Rz AR S RO DK . 7
397 nm PR ST IRAS A & SH6RE (K 2B) oK,
Il SR K2 CQDs 78 530 nm Ab 52 30 M 58 T A E B9 961G
RAHMES I 592 H I 22 T4t . B IRDE 15 4SS
SR, AR T £ 0 i e SR R ik T A e o
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Fig.2 Fluorescence spectra of coffee peel CQDs

FROCYEREIL S X — RS H AT AR Y AR 1
F% i TR SR AN — B, g — IR i B R4 1Y
e RS T A

BT I 5 S 0 L R Bt A B AR A e AR 2R 1Y
BRSSP R T S B RO RE X — R 5 H
F A RUE BB TR Y SR OB B DT O
DTG Fh I A W 55 T S Vg ) 7 6 AR 2 ] A 200 ke
BERL R E REAI Y M B 25 A IRAS . ARk
P AT MR B B fiE 1 13 (CQDs) Y 226 ETE an ] 3
IR .

4000 —a—521 nm

——522 nm

SR

480 500 520 540 560
KA nm

3 WIHERE CQDs A B#& KK TR
Fig.3 Fluorescence spectra of coffee peel CQDs at different

excitation wavelengths

P 3 AT, kSR He CQDs 1Y & B i K Bl I &

T A 388 0 2 BB S A 2T R LA L T A SR R A
mRMAAEENTASTAERAL., S8 54T
A PR S 2 T SRR 07 251, SR ik i 7 7= AR 2 N 1Y
TGS A TR, o iE— 25 U B AR 56 ] 5 v 2R
T i 7 o, LA LR 5 AR5 R A
2.3 [ HEL AR LT AN E T

LLAMNETE DA K I FE RS 4 RS C I R
o SR R A AR LR T 2 L AR P SR 4 B i K o
(DG T B | 3 e — U1 58 B 0t 22 40 40 1 7 o 5
P43 A (e B AR e 21 ARSI S SR B2 CQDs
T F BEF 0 /3 BT an &1 4 IR

BRI

4000 3 500 3 000 2 500 2 000 1 500 1 000 500
W E/em™
4 WMHERE CQDs RIStk

Fig.4 Fourier transform infrared spectrum of coffee peel CQDs

I 4 A1, 76 3 224 em Kb M IR AS) AT I g 1
A JE T —OH (45 3R 80, 1 579 em™" &b [ W 5 i X
N —C=0 B4 PR30, 1 1 504 em 4b 5 IR Y 4 DU £y
N—H WAzl /= A . LR g5 R B, i nfl 4 iz
CQDs I & A7 P ok FRIEAM B IL ST RER . XLk
B RE AT o ER A R AR AR A O 2 v i
K TR R T ORI E P SO ) & AR A RS A T D
— 20 ) B SR B e et e ) DR ESEVE FR AL SR AL T
B AR RARE
24 pH1E

Y EE R A R B8R T3l 0 pH (E AR A8 bR
PR 0058 BRURE (5K AU SR B A B 30 23 DT AH O
WAE R VAL N e B S FREks%
D3 pH {EHY V B 5l . pH E T R =282 LB IR 7 TG 4R
SAF T A 2B LR T 5, 7 i ST [ AN T A
K TR VR 5 A A I B 28 A8 AR e A
Yy, SE il pH A B0 S R, — R LT
pH5.18~6.12 2 — G i, pH6.13~6.16 iy — 24 fif Jif
pH6.17 LA F AR A . YR 54 N pH (Y AS L in &l 5
Ji7R o

ML S Al 4 ZHRE ) 0G pH (E 3 40 T 5.72~
5.95 Z[0] , £F & — G bR (pHS.18~6.12) , Wi
55 ¥ 6 55 TR RT) s ot O 34— 5 T30 1] 4% 240 pHL {H 3
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Fig.5 Changes in the pH value of chilled fresh pork

SIS TR RREE IR S 2 KON pH EH A AIK
S, Hod CD/A BEIREC /N, TTRES 400 00V S A 76 R Y
IR HERR A 56 s T HAY 3 41, BRHERR AN AT fE IS S5 m A
B PR B IR PRV P Y L TR AR B A O, (1A pH KR
RRAI, 2 B W A 28 26 T e X — R S5 IR
F A IR A B G B — 3. CD/A — S fi
FEALAEREZESE 2 K5 4 K pH [T ZE 6.30, F et A
A T ] DR A5 B 25 5 IR B CD/B Al — S fif i
FERKZH 4 K (pH E N 5.79), %5 6 K pH {HTHZE 6.32,
HEAAR BB B R B w0 2B B AR Rk CDic —
G EE AR R 4 K (pH (H R 5.64) , BN B4 IE K
2 d; = CD/D — 9t B TR 4ERE 25 6 X (pH A
H5.62) %5 8 K pH HFF & 6.32 A4 E AR BL, %
S RRLHSE K 4 d, AREERCR R A

SEIRFH DR IR TR B vy, X VA B TR )
fif AV TR ., CD/D ARSI B fE . CQDs [ B 1
FHAEAE WS Ve J3 2007, w308 3 0 a8 Do A 4 FRAIR R
P J5 53 At R 40 I 2 G, 98 I Ak B v pHL (T
iR, TP AF IR BT B 5 . AR5 b R vk B CD/D i
I BRI B RCR A SUE R T A — G A PR R
], T2 CQDs 2P S U PR W 705 PR DR i e 11 5 L
Rt %
2.5 TVB-N &

TVB-N & i e 38 sh Wt & e U e F &
T 43 fife e A B & AU R M I i i . i dE AR
BT IR AR T ) BN, ST
FUBE R B B ARS8, TVB-N & 5 MY
i B R AE b, 2 5 A PRBIT B ) — A EE AR AP0, AR
Wi GB 2707—2016C & i e = FE FAME BEQK) & B 7=
H R RE BT EERE A B TVB-N & 8T 15 mg/100 g
KA, B TVB-N &R AL &l 6 B .

P 6 AT, I 0T ] 45 41 TVB-N &5 ¥ BE e

AT /ING SRR A ] 22 5 1.3 (P<0.05) .

Bl6 23N TVB-N &2MTWL
Fig.6 Changes in TVB-N content of chilled fresh pork

Fhim, R AR R HESE . WIRBT B (5 0 K, &
ZH TVB-N N 4.61~5.10 mg/100 g, 1[0 JC . & % 57
(P>0.05) , MR RS —3. 5% 2 X, CD/A ) TVB-N %
4 13.80 mg/100 g({/55 4% ) , CD/B.CD/C .CD/D 43 3]
g 12.83.11.47.9.30 mg/100 g, %% CD/A FER T 6.99% .
16.90% .32.61% , P VR PRV W& PO T TVB-N 194
I, LR R v o R B . 5 4 K, CD/A .CD/B
f) TVB-N 505171 & 16.83.16.07 mg/100 g, # &
¥ I {E ; CD/C .CD/D ) TVB-N & FH AN 4EF5 75548 3 il
(14.43.12.23 mg/100 g) , H | i Ve B AR Bk v AR v 228 4
TR, 55 6 X, A 3k A B, CD/B.CD/C
CD/D ] TVB-N & & CD/A 4 BB T 9.71%.
15.33%.23.09%, = W B AL A AR e Ff sk, 55 8 K,
CD/A ] TVB-N & & ik 3| 1% {8 (30.50 mg/100 g) ,
CD/B.CD/C.CD/D #J TVB-N & #43514 29.64 .26.31
22.30 mg/100 g, % CD/A F&AX T 2.82%. 13.75%.
26.88% , #F— 25 UIE SEUR PR LR U PRV B 5 4 R
SEIEAOC S5 AR PR SE VR PR PT A O i v
B A TVB-N A i, I 35 90 2% J6 WA ot , LA o 2k SR B
e T MR o, o CD/D ROR AR AR, v A S AE KA
PR G R S 4 I RS 1
2.6 KL

TUAE W TR R 5 R R SR R IR = R & JF
JE TR 7% M B (total viable count, TVC) £ | Bk GE 68 15
FE i B R 975 YR 5 T AR SR Gt m £ e
JEE PR JTH DAR O TR 1) T A A  Rssi  A B )
Wi, 388 3 WA T i R it A el A A B R AR, TR
W SRR 2 A ORI, S LA 5
T 0 T 8 i $E HE AR 4R, AR 4l GB/T 9959.2—
2008 3 FI e ARFEIE A ) R RILAE , 289351 I v8 s A
PR P B B 7 B T 1106 CFU/g [6.0 1g(CFU/) T H4A
o VRRERE IR RV B ARR An L 7 iR

H &7 AT IR (8] 45 2 TVC {E 35 B s (8] 7
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0 2 Em/‘; 6 8 by - products in topical formulations: A review[J]. Trends in Food

ANl RN A ) 22 53 1. 2 (P<0.05) o
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Fig.7 Changes in the total number of colonies of chilled fresh
pork

L HIIRSS 0 KRAS4H 4 1.867~2.400 1g(CFU/g) , CD/A %
151[2.400 1g(CFU/g) 1, HoAth 21 35 548 H Bt 2 - o i o
i ;%5 2 K CD/A 9 TVC {E A 2.900 1g(CFU/g) ,CD/B,
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