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Abstract

This study is to develop a protein-based coating preservative, the protein was extracted from
Sparassis crispa. The formulation of the preservative was determined as well as and the proper-
ties of the film were evaluated. At the same time, apple was used as the experiment object to eva-
luate the preservation effect of the coating agent by weight loss rate, respiratory intensity, titrata-
ble acid content and other indicators. The results showed that the preservative developed with
20% Sparassis crispa protein + 2% chitosan + 0.8% glycerol had the best preservation effect;
compared with blank treated apples, the weight loss rate was reduced by 2.56%, the respiration
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rate was reduced by 2.3 mg/(kg-h), and the titratable acid content was increased by 0.076%. The
above coating agent can effectively reduce the nutritional loss, and weight loss rate of apples,
while inhibiting the respiratory intensity, which is expected to be further used in fruit and vegeta-
ble preservation.
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1. 5l

RBRAE KA J5 I H ZI— B 1A A B ], IR DR BR kA5 OB [ 1] o 8 DAL ) SR DR A v
A RAREEEOR . AR A BEREEEOR . B A B IREEEOR . ARIRCR B REEROR . IR REFEORSE, PR
ARG BN BRI R R T oK R ARSI R, (EIR S AR v 2 SRR R
TR R0 T s AR 4 B DR Ak B R BEAS ) SR Tl A EL e g 13 ek AN T SE L PR, (E TSR SRt
Wk a8k A IR AS T ORFRARR s  P p OR A B SR A8 R P P 9 o SR e P R 2 2R, AT i
BUCREERCR, (HGE P20 RER AL 4™ A AR s 8 RO 1 OR R P R S TR, S 1B B8 R AR
NTTIE B REEHCR, (EARIREAFETZ], XPRBA —EREH; IR IREEBOR AR K ] B U A R &L 77
PAM 5 3R RS A SI A R A R BR AR B [2], AT AT DA BE S BH 1E Ah 5 0 2215 SRR (BB )
B R A, BRAR E RIS i A T R BN SRR I B 5 S (3], JF HAE — R L 3L RENS A7 Rt fi) R
G HRIPEHTEIR,  FRARR G T B e B AL A TR B, 7870 AR xS it (0 DR 4 I [4]

FERH, TRIEOREEFIN 2N RE R SR RER SN, WRIRR R . G AW AR . AWTHIR AT
FCo AT 7060 TR R TR B0 R A AN B vy, R RS SR SR ORI 75 (RO B T8 T R N 80 e e R A
FIBIBT TR, AR AR OREE R I D RERR AL ™ M Ak, IR FRRE TR IR . R ETIRELS].
I H R BRI ARG 2 DU XU T IR 1) MmOk, oK R SRR E, AA TR
FAKR S BRACHIBEE 6] 2) ARSI, SRR MLTENE, XREEINR B MR AL
AR A — s MORERL7]: 3) BB AR THIER, TR R T RGN HIA S 4) W RAME L
DIRER Y BB, BRI PUEMG). B FRomAbiaE, RBIREE RGP, AIR[8], K RERAIN
FERIYI I o

PRI (0 2 A AN TR R, Lh R OR AR T DU 3t 2 P 31 W A v, AR BT 0 A
P, TRANIAE DAV AR RIA A, T SEAR SR BRI, i T8 9 AR SR o 0 £ i B A 22 4 ORI
AW R, fER RN TR AR o A A A PR AT R 2 AR AT, T EL IR OR A 772 — Fh 2
G H RN PREET), BERRAR T %32, JF AR Z I [9], WA SHR/YE. A LRI E.
X BRI AT TG G AN R SR RAE T A R ORI AR S [9]

Fallahi 5 \BFFC 7 EBCER X 4 ASSER I, 5RAACH R AR, 2R B2
IER “LIRSER” SRR SH(ZY 23%) B A RIB L, A EAHI I, T TR RE R B 2 B AR
SZM[10]. Sui SE ANARYEAS R BRSO B R Al REEVERE RO, T 7 K E i E e DU AN 250
VR EL AP B PR R it 25 T OREERSCR B s 45 RSB W], S IR E S A A

ik
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g, %

LR A AT A B AR R A S SRR . AR & RS, B R RERCR[11]. Luo
SENAEILEE 20°C~22°C . AN 70%~75% ~, R p-Hi 50E - K5 7 B8t A 700 B IO PR i 2808
SEEGRE, RAGEBIN 2:1 (e g0 - REDSEARAIERR, X3 RSL R R8O i i
VC &, MER G, WA RS A 2 W A S YA — 2 i m[12]. B m S ATER G505
0 20 ORI R 9T AR 200 B B R DRI R iR IR R 77 SR BH, KRB S HIR
J5% R 5%, A LA R s 47 2 (S SRR R [13] 0 S e e S N AE K B R R CR SR (R I A R DA
RS B AR EE ISR L OREE R SRIREREBH, MRS B IR 20 o/L B, FT LA RUHER
F AR AR T, Rl R RN R [14] 0 DR BRI R A AT T AT 2 A B R JEORE, A SRR SRR
HAIRLF O CREE OR8] [9] [10] [11]. [FBF AR G FNREFIRFI AR Z AR, MERGERHME R f&
B PN () S AN T SR . SRR L Vil A5 0 8 7)) SR O e L (R B 0 R — e I 220, T LA 5 b
S PRI TR A ) T R TR T LR A 7] () PR EE R

H A2 R LR 70 R R R AN B, X RS g, R R, Foah. N, AEEHMAER
UFIOREERLR[15], X Ee i FIR ORI 7RIE B A R AP A B RR ML [161F0 SR [17], 875007 (8 55 B A (18] Ak
AME[19]. TREERCRET . R RBERLFMEZSIS[20]. SR PEARSEEEE 19%~40% [21],
Hh &G ML FEER, BTRRES. EATERE R, R, BoKSIS, & —M R
(1 AL

FERERERAEFMES, SEREMEANSTELN 1558%, SREMY, @@ T BRIOEEKE.
IR E AP R4, DERAERBEN3.77%, EVFEIERAEN 6.16%, ZIERAEST
WA FH T TS24, ks VB FaE . WIHBE L . SRR E A 8 Fhb R E IR LA R M 37.97%,
W REIER SR AR LLE(EN) N 61.20%, & MR MEEGHE, EEAEERE. B, 484
REEFYP22]. 1ELH— KGR AT BORIR S I R, FERA AR, 20 10~15% /A 1)
TR RKAE R A, IR RG] 8 4 HEAT I AN, TR AR A R o L 25 5 A Rk
MR AR, SXAMEE AL FERIR o, I I R — @ MRS Y. Rl AT H P LLPRE 78 G5 3R 1 o JER)
PAFFEEREE N, L & A R

2. B 55%
2.1 MRS5S

SRR T STAR (I8 TR A R TF 2 A PR F BRI IN T 3ty s S (TS)s S SRpAnH (-
SRR AE IR PR A 7 A R A HA AL SR AT G AR AN AR T e
ML IR A B O,
2.2. SISk

2.2.1. SEEERFTIAOEDHI

1) BERREHh SR FREUBERR %050 38.00 g HBERRE 4 5.04 g, IN—E B HAMAEM, 1 0.10
mol/L NaOH (&} 0.10 mol/L HCI){ 5 pH, HZ& /K MR € % 2 1000 mL.

2) W4 fiRiR: FREX 1.50 g BRERER AN 6.00 g 547 RPN, /D& /KE, FEA 300 mL. 2.50 mol/L
NaOH ¥, 1.00 g KI, EA&ZE 1L, AFEIRHEIRAF . & WAAR G B ETTE I, 75 2 EHFRe ) o
222 FHREEENHE

U LA BRI 7 924R B T 50°C~60°C T 3~5 h BT, ARG Z IR EN U IS ER B 152
i, 1 80 HFf, BIRI1SEIFERFE M R[23]. HL 10 g FEREH, FAH NOERE LG D N B IR 25 2% s iR 4 —
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SERFA](0.5 h) [24], FREEEAERSE 2 h, 38, JEWT 4000 r/min 2.0 10 min, HUH BiEWR, 76 RIGW
oI\ B R B M) AR 5 — S MR (80%) [25], 75 4°CARIE FINE 24 h, FRUTIENTIH, BIEHURN B0
HLH 4000 r/min 5.0 30 min J&, F3IV0GE, KU HENT RAHELE, NS SRR TS 15,
RIAT 453 21 45 3K B 85 15 (SCP) [26] [27]

223 BEHERSEHNE

1) A 37 R b oA 2 A

I3 HIEL 2 mg/mL 14 M35 & A (BSA)PRAER W 0. 0.3. 0.6, 0.9, 1.2, 1.5, 1.8 mL T 7 S Fi5il%
L BN RGERAF 2 mL, INAZE/KEZRR 5 mL. YA, BOEHE 30 min 5, {EHKA 540 nm Ak
e BGRB9S RO 88 2 1) 24 1L 7 B 1 R b v R 28

2) SEREEO S ERINE

BN ERE R A U AR 0.2 g, W T 2K, 442 100 mL, HUE A ISEERE & E AR 3 mL
BTWES, MK KA 2 mL, #8257, #G%E 30 min f5, 7£ 540 nm AINEWOGEE A,
N TR i 26 E SR R4S B S5 R R R Al

2.2.4. FIREERRIERETROH&

o3 5ll¥ 1001 ELAIFR BUHRH HS 1) 5 BR B 2 RS2 S0 (CTS), W52 BB RIS T 45°Coki i ik 2 hs
BHAEREEROEME, BHET 45°CKBHRIR. 70 852 SR AN S Bk & 2R, BB,
HPRE RG], S INZE TR S 22— 8 IR B o s N — 7 £.(0.8%) ¥ H ¥, A 0.1 mol/L HCI (8% 0.1 mol/L
NaOH) VA H7 pH, BEFES5). W, fE—@ 40 FIA[28]. % —4UA% FH AL, Fridh Ck: 55410
SUSEERE A + 0.5%5¢ P + 0.8%H I, Frich 5% SCP; B =41 10%ZEEREE A + 1% Kb +
0.8%Hil, Fric’hy 10% SCP;: VUL A 15% R + 1.5%7E KM +0.8% H i, FricAy 15% SCP;
FRAN 20%FEREEE + 2%5¢ KM +0.8%H 7, Fridy 20% SCP.

2.25. FEMRERME

1) BEJEEERIME . FERR EBENLEL 5 AN, IR E S vt PR B T LA SR JELRE, BCPHAME .

2) FEAKIRPHRAVERE R T . BRI, MERRFREN 3 g Jo/KBRERSR BN, SR 5 4 i LI i
HERI A SR AR O, VERR AR L B8 ml PR E AR — e KT, &R 24 h FREMS m2, BiW]
1SRRI E W [29]. /KZASEL HE(WVTR):

WVTR = W/(AXT)

Ao W 78— g i a] e b A HETS I L, B W =m2 —m1, g; A: AT, ocm; T: FREEHE
B, he

3) BB BURHBUR, #EFREETMR L em x 2 cm, HFILMEE L EDME—M, 7E 480 nm
P I E 2B R [30]. 2 &SR .

2.2.6. RIRREESIIS

HRHEE . R KN B WU O B, BN R, AR, T
JEFRE, AR HAR T EREAMNT, B 1 REMN el mists. BiEAER, PIREE. THE
TE B & = AR AR I E .

1) KERNE

UG R AR RIS, MSEFIR NS 1 min JFECH, MHFEGER, BHARKE, S 1R
—KHEF[30]. HHETRVHEERRE, K 0.001. KERMITHEARN:
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g, %

P S TSP S0 2 — 1 ) S L) L )

R — (
R (%) = T R

x100%

2) IR R E
SRR ER LRI, BAROP IR 2 EE 10.0 mL. 0.1 mol/L NaOH J{ER; F- ML, K597
ML B BF TR AR AR BCE RN, FARBUFRIER, s, %3, —ErEIHEFRI, HEH
AN NI s AR5 RN 25 mL M F &AL A R 2~3 S ke 77, A 0.05 mol/L HFRTE
W€ s B e FHFERER iR 2 B e Ee [31]. SRiGinE 4 41, #HE 3 K.
u?n&—ﬁﬁﬁ(mg/kg-h):(Vl—VZ)XCXZZ/mxt

e Vi FEEETERBEBHE, mL: Vo WEHE T HREHBHE, mL; o HREEYANE
WIE, mol/L; m: REEFiE, kg; t: MERE, h; 22: W%+ NaOH 5 CO, 1 = #40

3) Al E R EI E

SR P R BRI 22 v 5 S SR AR TR R R I B . KSR SRR 2 7, ARECGR A 100 g, BN 100 mL
MK, RIEBREAII, FREL 10 g ZRORYD, FZRACKAE RN 100 mL FEH IR, BERA.
FrE: FEUEN 20.0 mL JEVR, BEENHERIE A, N 2~3 3 19%MBkiE R SRJEH 0.1 mol/L NaOH £
AN BOIAT I E - T 8 IRV R (AR AE 30 s SRR (0 RIA 2 & A, e s SR A s i v
=[32], EE 3.

FIRERR O R =V xc(V, -V, )x0.067/(Vsx m)x100%

A Ve FES R RRBURAAR, mL; Vi W2 JERAR, mL; c: NaOH % E Wik E, mol/L; Vi: i
SE VR FEM) NaOH IS VAKRAR, mL; Vo i € 25K #E 1 NaOH VAR, mL; M: FERIRE, ;
0.067: 5 %%, g/mmol.

3. BERE S
3.1 FHEERSE

3.1.1. mEFEERRERZ
DAA- L35 B P9 R0 BT IR ' B2 4 I R A, sl 20 LT AR btk i 2. nfe] 1, 1934k
[5J5J5F% y = 0.5786x + 0.0086, R*=0.998, &M% (1) ¥ 5 Bk FETE 0~1.2 mg/mL P EEHESR R R 4T

0.8 r

0.7 y =0.578x + 0.008
06 L R*=0.998

05
04 r
03
02 1
0.1 r

()0

0 0.2 0.4 0.6 0.8 1 12 1.4
® H K E (mg/mL)

Figure 1. Standard curve made by bovine serum protein
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312 BHEERRSENE
MR e 2 Rt A5, 5ERE B H 4l %N 65.2% + 0.2%.

3.2. FREERRIRAIIMERE

321 REE

] & 5 BR B B AT BRI LA H & &, SURSEIREE AN S ENE RS &, BN EEBE
b2 ARk INFE L TR Y, Bl 58K ﬂ%ﬂli%’é* RGN, ARG E A FARAK,
A LLEEHIAE 0.008 mm Z N, MZEEREEH S EM7 RS 28 5%A 0.5% (5% SCP). 10%7A1 1.0% (10%
SCP), AHIMRI B EREA—F, i L%U\fwij@iﬁﬁ HEEEH N 0.049 + 0.002 mm. FEREE A
JELJELFE RIS NPT B 5 53R B O B E AT R S BN R B, SEREEOSEMREE S ERR,
R 5 R JE BE AR K o 7 B S NI T (28] [ FE R B, B 1 0 & S A0 7 SR & S0 A DG JE A B
FERIRZ o

Table 1. The thickness of the films with different treatments
%=1 TRLBEEE

L=

451 ‘ 5% (mm)
EER B 5 (%) LR BE (%) HiH (%)

1 5 0.5 0.8 0.049 £ 0.001

2 10 1.0 0.8 0.049 £ 0.003

3 15 15 0.8 0.052 £ 0.001

4 20 2.0 0.8 0.053 £ 0.002

3.2.2. BRAKKERERE

[ EAEREE A RO &R, SCREREEAN S ENEREEE, KERELR
B & S ER TR B A 0 & BRI ST R S B N>, R T FRREA (R 2), Bt S ER R R
/K Z& SRR EI 3. SR UL, SRR R A& MR RS 2 20001 2.0%8, RI/KZASIEL &
HORAR,  AH ML) BE B 14 B B £

Table 2. The water vapor permeability of the films with different treatments

%2 FEAMBAESHETE

2053 aad 7K7E WLlii
R 5 1 (%) FHHH(%) Hith (%) g/(m*h)
1 5 0.5 0.8 5.42 £0.03
2 10 1.0 0.8 5.36 £0.01
3 15 15 0.8 5.31+0.02
4 20 2.0 0.8 5.24 +0.01

3.2.3. [BiERER
[ e SRR R AR S BB LA H & &, SRS ERE R A RS B RS R, MRS LR
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BEE S ER B B & A RS S RN, MHSECRAERDN, S T ERES (R 3). KRR H
THEREEOMFZRRERAIANEZ, FTUSEREE A S BN S 88, BERE L RERLD. 5
BREE A 1) & SN 52 SENE S B 5% 0.5% 5 A fe i A 63.2%, SRR E & BT RS &N
20%7F1 2.0%F F KA 42.6%.

Table 3. The transmittance of the films with different treatments

3. FRILEBRIES TR

RS, i EE I (%)
ZiER ¥t E (%) SERBE(%) (%)

1 5 05 0.8 63.2+0.2

2 10 1.0 0.8 52.6+0.3

3 15 15 0.8 48.5+0.1

4 20 2.0 0.8 42.6+0.2

3.3. FEALIEFERFREBRIIFM

331 FERLEMIERLERNEI

Fo FEAS R A A 356 S AT R R I e, 45 RaE 2, KRR, KERP KT
FIXTHRAH . TERENEGEIN, R FR A R AR 3 R, HORHERESHER . SAakid s
PIERKER FFHRHE, 20%FEREE A 2% K. 0.8% HHI(20% SCP)AbHE I 5 (1) E R L H A |
TN HRE BT g, 2 AR FE S R E ERAE A = KA B T 5.52%, 1 20% SCP AbFH2H I 5 Ab 2
Ja S SRR R AR S R A IA$ 5.56%, 2 LR A FACEE R 5 SR SRR B R O 4 mik 8.12%.

T HA IR AR AL BE 3 i 037 5 2 25 R0 b s AR BE AR A W SR A BRAE; 15% SCP AL T 4 43 i A ) 3 51
KBRS RA LA 5% SCP 1 10% SCP AbFH 4 4 [ Ab FH (1) 3¢ 52k B R MK b Ra e . A
TR AR A B ) SR B AR ik B 8.12%, IRMBEALBE S5 AN O H e i 0 5.56%. AR ERAE N[31]HF LK
B 25 B S5 1) PG AT DL S b AR R R R v 8 SRR . AE— B REFE b, 3SR 10 2k B 5% S i L7 TR 30 )
TSR IR SR BRKRTE, 20%5ERE L + 2%5C KM + 0.8% H il (20% SCP) R LR e 4b 3 1)
SRR EARAC, REFSR LT

——%xH
%
£ —=—5%SCP
% —e— 10%SCP
X
< —&— 15%SCP

—X—20%SCP

O = N WA LA KOO
o e LA m B p e

TERE(d)

Figure 2. Weight loss rate of apples with different treatments
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3.3.2. FERILIEIERIFEREZRAIF NI

o FEAN[R] R AL BT S SR A PR S B AT I e, A5 R W] 3. I SERS T DAE H, SERME N —FpE W
(R IR R A 7Y B Sz [24], 205 i M Ak B 57wy DA B S8 PR AR SRE s () ¥ PP s 2, I FL T LA 80t HE IR
S SR IR SR e ) v VA . 0T R ZE S SRR I B R e A R B TP AR U, T A R S R AR
TENCH I 5 VU R AE A7 A TE BIRPIRH R b,  Lh2s UG IRREIR T 2 R T . I 2 KON TE 3 FR TH I S BR 1
HEREERFH I 7 ARG SRR MU S e, AT A8 SRR T A NP B 1) SR BRI A T £
TERAER IR EE T, A SRR R R R, AT AESE 1 RN AR R TR, e TR
Ve o IR T 2R T DS B R B S TR B AR R AR, 2R AT A N [S2] A 7T AR PO R g,
VIR RE SR>, BERT DU IS FRPTTEFEIDUE . Rk, 20%Z5ERE A + 2%50 K 0E + 0.8% H i
(20% SCP) ¥ JEL R Ab B (1) 3P JEWF IR 2 fe 1, PR A AR B i o

-
——5%SCP

—4&— 10%SCP
—— 15%SCP

——20%SCP

(@-wy3w] @R R
© = D W E Lo O

LIS R E(d)

Figure 3. The effect of different treatments on respiratory rate

[ 3. AN [E]AFE Xt PR 53R 2= O S

UEAh, 2 R 2L 10 3 S AE W e W PO e i KA 7.425 mgl(kgeh), 28 5e i I Ak B2 ) 39 AR P
T U IR 3 R fi Kl 5.786 mg/(kgrh),  fix/v R 5.125 mg/(kg-h), F&E T 2.3 mg/(kg-h). 20% SCP AbFH4L 4
B Ak R %) S SR I 28 i I Ay 2.654 mg/(kgrh), B s 5.125 mg/(kgrh), eI T A R A
(K 3). 43t 5% SCP. 10% SCP. 15% SCP. 20% SCP AbH 4 4bFH ) 3¢ AR ML A ZEA K, BAAR
20%FERBEEEE + 2%5C 50 + 0.8% H Il 1 CREF IR B, WP e PR PR FR B 1K, Z AR RETICR /D,
A DA RGE K58, ARIESE R .

3.3.3. FERIAEXER AEEEAIEN

AN 7] Ak St S R T 35 5 TR PR RV 1) 45 SR L P Ao AN [ Ak R S R (4 R i s R T i 5 U K ) AN DT 228
KPR s . I 1~5 RAEHAEF, 5% SCP. 10% SCP. 15% SCP. 20% SCP AbHHZH i3 i Ab ¥ it
S P SR B RT3 R 2 L 2 i Sk R L 9 S R ) RT3 S IR R ) T P e, S SR TR E R O
AT LR W S rh B 8B SR R A T FE AR, R VPSR SRR 1 B R AR 2 —[32]. DR, RT E R AT
DABH Sk s et 3 SROR B R FEE 1) 22 3 o

20% SCP 433 2H ¥ 55 Ab 25 (1% 32 S PR w0 o R BE 1) B e 35 s 924, T EL ml i o R LU L AR DU 2R K
TR . RATRMACIR R S T E R S B AR, X 0] R KA LR 6 77 n] LA R B 4 0
P, BRAR T PRI ARFE, AT VT i o R P T Rk o R TR A [33] AU FEAAE B T FR T WP % P
B R AT E R RE PR AG. HETAEE, 20% S ERE R + 2%5 K BE + 0.8% H 1 (20% SCP)i4 ik Ak
PR RAE PR T R FE S, PRI B AT

DOI: 10.12677/hjfns.2024.131006 38 5 E R


https://doi.org/10.12677/hjfns.2024.131006

g%,

03

=]
025 m ——5%SCP

—— 10%SCP
02 r

—x— 15%SCP

—8—SCP 20%

0.1

(%)Ennh Bl 3k =

0.05 r

0 1 2 3 4 5
IR HU(d)

Figure 4. The effect of different treatments on titratable acidity
B 4. TEALIE RS A E BR B RS2

4, Z5ig

AT 5 B e AR L R 5 A FH 7 TR VP A, e 1 St 5 BR B 2 R MBS A o 25 T U7 . 20%45 3K A 2R
H +2.0%7c K0 + 0.8%H M, fEfRAERLTT T AHRMR S 0.053% + 0.002%. /K75 iFid %08 5.24 £ 0.01
g/(m*h). BRI 42.6% + 0.1%. WL FERFRESZIGRBL, RIS FERMKEFN 5.56%. M
W3 2R BRI 2.3 mg/(kg-h)~ AT 3 € BR & I N T 2.56% o AHICHIE T NI K 2R M R AR R34 T S
AT REOREER SR . J5 2L MR 78T DA 5 BR B A AN 52 SRR & &, a R L 0 12 Re AT
XoF 22 7K SR ) R A5 TR AT i B A ) e B R 5 7 ARV T 7 o
SO

AW TR DL R B T0 H (A i BRVGA B AL BETEE () - R0k ATE0 H (2023-ZDLNY-16);
Bk 78 24 BHL T H SR B2 3k 4 35 42 T H (2023-JC-QN-0270); BRI & BB T AR B — L W0 H
(22JK0361); i e B s B U H (22KYPY08). 11 H 3540 H (22SKY101) . H AR} Ak & E 1
H (22HKY248, 22HK Y249, 23HK Y051, 23HKY055).
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