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Abstract: [Objective]Dangshansuli pear is one of the most widely grown varieties of pear and one of
the main fruits exported from China. Dangshansuli pear is always affected by the superficial scald disor-
der, causing serious economic losses. Superficial scald, a physiological disorder that causes the appear-
ance of irregular browning or black patches on the skin of some pear and apple cultivars, generally oc-
curs after several months of cold storage and rapidly worsens when fruits are transferred to room tem-
perature. Although superficial scald does not affect fruit flesh, it severely affects the appearance quality
and commodity value. The post-storage quality of fruit must be maintained or enhanced to meet the in-
creasing demands of consumers and market competition. The natural antioxidant pterostilbene (Pte) in
plants plays an important role in inhibiting fruit disorders, but due to the lack of emulsifiers when fruits
are treated, it is difficult to spread fully on and adsorb by the fruit, thus affecting its medicinal effect.

This study aims to explore the optimal formulation of pterostilbene emulsifiable (Pte EC), and find the
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effects of it, Pte and Diphenylamine (DPA) on the post-harvest pear fruit storage quality and superficial
scald control to explore whether Pte EC can improve the efficacy and replace the application of DPA in
production, and provide a certain theoretical basis for the prevention of superficial scald in the future.
[Methods] In this study, the solvent and emulsifier of the preparation were screened with pterostilbene
as the active ingredient, and then the emulsion quality was determined. Finally the optimum formula of
10% pterostilbene emulsifiable (Pte EC) was determined. On this basis, the Dangshansuli pear fruits
were used as the experimental materials, which were harvested in September 2020 in the commercial or-
chard of Tongchuan county, Shaanxi province. Fruits with the same maturity and similar size, as well as
without pests, diseases and mechanical damage were selected during harvesting, and transported back
to Shaanxi Huasheng Fruit Industry on the same day. The next day, each of the treatments was carried
out: In 2500 pL - L' DPA aqueous solution, fruits were soaked for 2 minutes; In 10 mg- L™ Pte aqueous
solution, fruits were treated for 2 min; In 10% Pte EC diluted into 10 mg - L' aqueous solution, fruits
were treated for 2 min. After processing, the fruits were packed in a carton with a plastic foam screen
and stored in a cold storage [storage temperature: (—1.0£0.5) ‘C, RH 90%-95%]. Twelve fruits were ran-
domly selected every 30 days during cold storage, and each treatment was repeated for three times. Im-
mediately after taking pears back to the laboratory to determine the fruit quality index, the peel and pulp
were ground with liquid nitrogen and stored at —80 ‘C for further analysis. The indicators included hard-
ness, soluble solids content, titrable acid content, malondialdehyde content, DPPH free radical scaveng-
ing capability and hydrogen peroxide content. In addition, superficial scald related indicators also in-
cluded superficial scald incidence, disease index, a-fanneene and conjugated triene contents. Then the
effects of diphenylamine (DPA), Pte and Pte EC were studied on the fruit quality after refrigeration and
shelf life. [Results] (1) In the current research, the best combination of absolute ethanol and Tween 20
were selected from 6 solvents and 10 emulsifiers that could meet the requirements of food safety. When
Tween 20 was used as the emulsifier to prepare Pte EC, the solution was automatically dispersed in a
mist. And after stirring, it became a blue and clear emulsion, without floating oil on the top and sedi-
ment on the bottom. The emulsification dispersion effect was perfect and could meet the national stan-
dards. The emulsion stability, heat storage stability and cold storage stability were also qualified. (2)
DPA, Pte, and Pte EC treatments could delay the decline of pear fruit firmness during cold storage and
had the effect of maintaining the freshness of fruits. (3) DPA, Pte and Pte EC treatments can effectively
inhibit the accumulation of H.O,, MDA and conjugated triene in pear peel during cold storage, thereby
inhibiting the occurrence of superficial scald of Dangshansuli pear (p<<0.05). When pear fruits were
stored up to 210 days, the incidence of fruit with three treatments was 28.69%, 12.19% and 15.32% low-
er than that of the control, respectively. (4) The controlling effect of Pte EC on pear superficial scald
was second only to the DPA level, which was better than that of Pte treatment. [Conclusion] The pre-
ferred formula of 10% Pte EC finalized in this study is 10% pterostilbene + 10% Tween 20 + 80% abso-
lute ethanol, and the performance of this formulation meets the national pesticide formulation stan-
dards. The formula is green environmental protection and safe, and improves the efficacy of Pte, which
can improve the fruit quality and delay the fruit senescence to a certain extent. Simultaneously, Pte EC
can effectively control the superficial scald of Dangshansuli pear. This study provides not only a new
idea for the prevention of superficial scald, but also a theoretical basis for further Pte EC commercial ap-
plication.
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Table 1 Screening results of pterostilbene EC emulsifier

AL A5 L% Phenomenon after cold storage
Emulsifier 1d 2d 3d
LA A IR S XU H il H—iEW FLEER FLEER
Monodiglyceride diacetyl tartrate Transparent and homogeneous Opal solution Opal solution
T8 IR T 7L R ¥—i&EH FLEEWR FLEEH
Sodium stearoy! lactate Transparent and homogeneous Opal solution Opal solution
SR H T R A R SRR [SREERVIR F T
Polyglycerol Monostearate White precipitate White precipitate White precipitate
P 2 AL IR B FLHER FLEER FLHER
Casein sodium lactate Opal solution Opal solution Opal solution
it 20 & ¥—iEH i
Tween 20 Transparent and homogeneous Transparent and homogeneous Transparent and homogeneous
i 40 FLAEHR FLAER FLATER
Tween 40 Opal solution Opal solution Opal solution
i 80 i W] )i W] )W
Tween 80 Transparent and homogeneous Transparent and homogeneous Transparent and homogeneous
A% 20 ¥—i&EH )W) W
Span 20 Transparent and homogeneous Transparent and homogeneous Transparent and homogeneous
EL-40 3B BB H—iE]
Transparent and homogeneous Transparent and homogeneous Transparent and homogeneous
NGRS AT AT AT

Soyabean lecithin

Yellow precipitate

Yellow precipitate

Yellow precipitate

TE AU R N TR 2B R,

Note: The solvent of emulsifier is absolute ethanol. The same below.

F2 FERFSAFAHHAUSHMENESER

Table 2 Determination result of emulsifying and dispersing property of pterostilbene EC emulsifier

AL A

Emulsifier Emulsion dispersibility

i3 20 REZWREZ G BEHE S 2 EE LR, _EIERR, R BT .

Tween 20 It is atomized and automatically dispersed. After stirring, it is blue and transparent emulsion. There is no floating oil on
the top and no precipitation on the bottom.

Mt i 80 EZRE S TS 2AE WK, LT, R UTE.

Tween 80 It is atomized and automatically dispersed. After stirring, it is an opaque emulsion with no floating oil on the top and
precipitation on the bottom.

A4 20 LR B B8 B S 2 AE I FUIRB, ETC I, T IEUTE .

Span 20 It is atomized and automatically dispersed. After stirring, it is an opaque emulsion with no floating oil on the top and

no precipitation on the bottom.

EL-40 ANBE B350 70 B P SR O ANSE R FLRI, L JaiE, A T
It can not be evenly dispersed automatically. After stirring, it is an opaque emulsion with no floating oil on the top and
precipitation on the bottom.

x3 RERFMILRREEER

Table 3 Emulsion stability results of pterostilbene

2,14 RAEBLTT LD R FRA AL B
AlI: , 1 5E Pte EC IV I N oK L, FLALFN

emulsifiable concentrate

3 20, HoHh Pte 5 10% , FLAL T (5 10% , ¥ 57 A
, S 445 SR PR
80%. The name of the EC Emulsion stability Estimate
2.1.5 JLikEIFER M Pte ECIUFLIRE TERIINES  1ovesehiissLin R FIGUE X
10% Pte EC There is no floating oil on the top ~ Qualified

B3, A L IEF R DU A ITE N A
54 GB/T 1603—2001 .

216 #Hefzes ARYE GB/T 19136—2003 K% &R E MR R KA BB, 45 Rk 4 fr
HAMMEE I RXEE T 54 CRUKBIT, 14df5 7R T 24 h XA B R FLR e Mk AT 4G
U O E AN S o IR, RISk W, R Ak 2 B R LR A E 38 A A

and no sediment on the bottom
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Table 4 Heat storage stability results of Table 5 Test results of cold storage stability of
10% pterostilbene EC pterostilbene EC
N PICRETE AEERE BURE FLb AR B0 o CFERE e
P TR HiE AEERE BURE S FL 4% AOATRE EOERE TR
Mass before  Mass after Loss . The name Mass before ~ Mass after .
Sample name . Estimate . . . . Educt  Estimate
heat storage  heat storage  ratio/% of the EC centrifugation centrifugation
10%FEAM 2225 22.25 0 i 10% 55 AL 10.01 10.01 0 ik
10% Pte EC 21.98 21.98 0 Qualified 10% Pte EC 10.00 10.00 0 Qualified
22.18 22.16 0.09 10.01 10.01 0
2.1.7 AweAatt HRSTAL10%EMEAM 2.2 FAELENHLEFKEERE.SSCHAHERS
FERE AP N QG . T24hAXIA E898m

A3 HIOE AT FL VB RS R PEEAT AN, R B FL Ak 73 1K

W& 1 7, SRS AT SSC IR A T I 7] ) 48

PERFLBAS E PRI B4 o I 10% BT IS KW e B 1-A RN, WIWGRI , BLUR S
TE AR 5.82 kg-cm?, ¥ 4 210 dI,CK.DPA .Pte.Pte EC i
A g - OXICK @K DPA  wEEEPte  OXKMEAMBIF Pe EC
N sk
N‘E 6 |
° I H .
5 I o
%(‘f; 4 r . ] :
R= 2 r
=5
0 L
0 30 6 150 180 210
VA 18] Time in cold storage/d
B 20
c\\°
S5 15}
N g [T [T =
=8 T
#32 10} A Fhaf [ T ol 3
“g
F e
sy
&
0
0 30 60 150 180 210
VI ] Time in cold storage/d
C 0.12
©
E
~ 0 sk
e 'g 0.08
™o
EZ
IE
< _-%é 0.04
.‘[_',:‘
0.00 “
0 30 60 90 120 150 180 210
V] [E] Time in cold storage/d
FAE UL 3 AN G CPRIELFRHE R F IR, 53RN BT 7E I (8] S A #EZH F0 X B A AH bE BB 35 28 5 o o e ke Do 73 I 2R AE 0.0540.01

0.001.0.000 1 /KF L EEMN. TH.

Data are presented as the (mean + SE) of three replicates. The * indicates significant difference between two treatment and control groups at the

time point. *, ** *¥* ¥ jndicate significance at the level of 0.05, 0.01, 0.001, and 0.000 1, respectively. The same below.

E1
Fig. 1

A EIALEE 3 4 6 2 8] 7 LU BR BLAE S (A ALA M E Y & 2 (B ALH R 2 2 (OO RSN
Effects of different treatments on the firmness (A), SCC (B) and TA (C) of Dangshansuli pears during cold storage



542 3 i

40 %

S 4

S R B 3 99 B A2 2.83.3.27.3.04.3.09 kg - cmZ.
AT 3 (60~90 d) 7% A F 4 SR SR B I 2 v T4
HAH (p<<0.05) , (HAET 8 5 391 (90~210 d) 22 5 A
©E. mE1-B A s, EE S FE H , DPA L Pte 1 Pte
EC A BEA [ SSC Xt Z F AR % . Uk 41,
DPA . Pte fll Pte EC RE PR RF 2 2R S i A8 B, (H I A R
0 GEE TS SSC I R R .

P P 1-C R, B IR (] O SE K, SRS TA
B NEEA. S04, DPA . Pte Al Pte EC 4t
HRZH FSH) TA & EBE . AR A 120 d N, DPA &b
PRSI TA B E W E & TRHIRA (p<0.0D) . HAth
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W 2-A Fiow , s MDA 5 2 b8 5

A oXfE CK

—_
S

b(MDA)
MDA content/(nmol - g

105
100

95_ ]

DPPH H HJ:3i %
DPPH free radical scavenging rate/%

80

B K% DPA

90 |
8 r
30 60 90 120

(B REK 2 BT MR, 24 R MDA & &
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Pte. Pte EC b #1241 A4 L iz MDA & &40 5 LA &
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DPPH H HH 275 [ 26 A2 S i SR R i i A e
AL R bR . A0 2-B B, 0 1A BLUR
DPPH H H 275 [ 2 B 26 7 kI [R] ( ZE KRR = R
P dh o WU Sk it 2 DPPH H 1 25 35 B R R
96.50% , 5K 42 210 d i} , CK DPA . Pte.Pte EC 4b#
S B2 DPPH H H 2575 B 28 K [ 22 84.94%87.45%
86.22%86.73% o HEA Nk F2 A % Ak 3 A S
DPPH [ HHIEIE R RS = TR (HERARE .

W1HE 2-C B, % R 25 b 27 20 AL IR 7 HLO, 77

G Pe DI BTN Pte EC

120 150 180 210
VA 1] Time in cold storage/d

150 180 210

Y5 7] Time in cold storage/d

120
100 -
80 r
60 |
40
20 |

b(H,0,)/(nmol- g")

0 30 60

90 120 150 180 210
YR (8] Time in cold storage/d

2 FELIBILE B LERE MDA & £(A).DPPH HHEBREBIM HO. FECOMEM
Fig.2 Effects of different treatments on the MDA content (A), and DPPH clearance (B) and content of H,O, (C) of

Dangshansuli pears during cold storage
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