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Inhibitory Effect of Cheese Whey on Cucumber Mosaic Virus and
Pepper Mottle Virus in Capsicum annuum
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Evaluations were made for the effects of cheese whey treatment on infection of pepper plants by cucumber
mosaic virus-Vch (CMV-Vch) and pepper mottle virus-Kr (PepMoV-Kr). In a greenhouse, pepper plants sprayed
with whey, prior to inoculation by CMV-Vch using aphids, showed a viral infection rate significantly lower (6.6%)
than for the control (23.3%). In an open field experiment, in which CMV infection relied on natural transmis-
sion by aphids, pepper plants were sprayed with undiluted whey once a week, starting on the transplanting
date (May 2) to the end of June. On June 5, these whey-sprayed plants showed a CMV infection rate reduced
by 18.9% and 16.7%, compared to untreated and pesticide-treated plants, respectively. In the greenhouse,
pepper plants inoculated with PepMoV-Kr mixed with whey showed a viral infection rate decreased by 60%
compared to the control. The accumulated amount of PepMoV-Kr coat protein was less than that for the virus-
only control at 6 days post inoculation (dpi), but increased up to a similar level as the control at 9 dpi. This
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study showed that cheese whey is effective in reducing infection of both CMV and PepMoV in pepper plants.
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AR violg| Ao ZHEH AES A &dt= o A 5 e
ofAll= Qlth vhol2l & 2 AAIsH ] flste] /-5 A=A
of EFAY AEAE ol B W] Al=E o] gt
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wafjAe B A7 o] FofFlth Abdelbacki 5(2010) &
ulEgkslolat o] 2 A(tomato yellow leaf curl virus)ol 7+
A EntEo] 339 9 ARl g-lactalbumin, B-lacto-
globulin == lactoferring #| 2|8t A1} vjo|g| A BA|7} oA
okl 2 usgick

A2 GAL A= 743 BN ot B2 A the}

St JFEHA, AESHE, AE5HE 7|52 7 A S g
3 BAR 39 A JEL g-lactalbumin, B-lactoglobulin,

lactoferrin, serum albumin @ proteose peptoneso|cthFarrell
5, 2004). 71 F% FAS WA= Ao R AR oW, H S
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So9A F7IstAY 3 E2 22 ¥ A7) Al vt
St AHg-SHT

2 AFolAs L5 A= EFoko] vholg| A A
Alst= 27 J=AE B7Fsl] st &A00A 11
vlo]# 2 (pepper mottle virus, PepMoV)o]] &= 113 A&
Aol FAL F-HS 1= oo} 159 Q5 HE ko] A7t
7870l w2 Qe A ] i WSS EASHT: Tl &
Aloj| A Qo] B xpo]FH}o]E 2 (cucumber mosaic virus, CMV)
o] AFAFTLE vpolH A Y A AHE AHE, 2|0
A FAYZRE {3 dAS EF A2 ste] FaAideolA 2
Sl o8 AEEE= CMV 4 ES JAst= H a7} A
= 2483,

U 12,

AlE Mz A Ho[MA HEH. =AY ol A&

St nE AE Jre —;I‘— AF EZoZARE XP:} Aol
LI Eliélc‘ﬂ/ﬂ oE 5 309 HE AFESIATE HlolH A
A2 IHYAE Xh—}?i} oA ®-83F cucumber mosaic

V|rus-Vch (CMV-Vch) (Cho 5, 2006)1} pepper mottle virus-Kr
(PepMoV-Kr) (data not shown)o|H, 1130 ZFFAIAA ARE
Ak SI7t g Aldo] 2 A00A FAIsHEA 24 Ad
e L P EDEE T LT R RERACES
= 3719 £ o = YrolA six|stelen, 53 A2dE
250 1FE Atk

HIOIZA ZF. CMV 7 of o] tig 73S 4] 20
S X E] enzyme-linked immunosorbent assay 2 2 Ag-
dia (Elkhart, IN, USA) Al &2 AH-&-sto] Al=AMl|lA B8
AREAN = 439513k

PepMoVe] efsjehuid Ba1 ulole2 Y% F 307l
9717 39 ZHH o2 AL At floE By Yy
& olgatgon, AN Aod B AY e 7 v
At 2(Chung 5, 2016) =33}tk W%@é% = HHLA
EZatst ol A A &3 PepMoV-Vch T2 & FEH S A
&otpen, 23 FEHL B0l A ikt IgGQ} alkaline
phosphatase& Z3A]|7] A =(Sigma-Aldrich, St. Louis,
MO, USA)S A3} th PepMoV g o] B &9l g
109 Fofl HETE o fFol AXE 2 =¥ RNeasy kit
(Qiagen, Hilden, Germany)E& ©]-83}o F=3 A=A AA|
RNA2}, PepMoV ]|t d-g 3 Z351 == AJ2HE PepMoV-
819F (AGCAGCTCAAGATCAGACACATTG)S} PepMoV-819R
(CATTTCCCTGACCCCAAGCAAGGT) Zgto|HE AF8-35}¢,
reverse transcription-polymerase chain reaction o2

L]

i3

QM Xl $FHL ZYZAEY o BHE] AEFZR A
Z o) A U2 AL HoF wroba] AR5} tHSupplementary
Table 1), Al A2] AF-E §4 oS B 2-20u) 345}]
Helsterk AR A §50] Hel A ok Ao
= 13 RAY FF00 BA AFHE 1A HH 22 oF 2715
2290-6930%) Sk B2 Aelolct £ e 487 Y
oz¥E §Rdo] IE W BolXk FEE sgom, 42
A Z7)0f| w2t 7t RS Bele b a8 He FE EHen, =
A} 30,60,90 cm =7)9] AEA| 9] AL 712k ¢F 15,20, 30 mIZ7F &
2E3I 2= 77 thalell &5 ARS8 78] PepMoV
oA E3}E 87 943 Ao vole o] 4 1 <
9] ZH(0.5 M phosphate buffered saline [PBS], pH 7.2=1:5, w/v)
778 Hle 112 Edste] At iz 2 A5A A

£ 319t A= AlElA YA (FarmHannong, Seoul,

Table 1. Percentage of pepper plants infected with cucumber mosaic virus-Vch (CMV-Vch) or pepper mottle virus-Kr (PepMoV-Kr)

No. of plants treated

% of plants infected

Dilution factor of cheese whey

CMV-Vch PepMoV-Kr CMV-Vch PepMoV-Kr
1x 70 20 6.6+432b° 400b
0.5% 66 20 11.5£2.66 ab 1000a
0.1x 70 20 10.9+5.48 ab 1000a
0.05x 70 20 10.2+5.95 ab 1000a
Water (control) 70 20 23.3+9.73a 100.0a

Pepper plants were either sprayed with cheese whey before inoculation with CMV-Vch using Myzus persicae, or mechanically inoculated

with PepMoV-Kr mixed with whey (1:1).

’Means with the same letters within a column are not significantly different (Duncan’s multiple range test, P<0.05).
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Fig. 1. Western blot analysis of the accumulation of coat protein (CP) of pepper mottle virus-Kr (PepMoV-Kr) within the upper leaves of pep-
per plants inoculated with a mixture of PepMoV-Kr-infected plant sap and cheese whey (1:1). Samples were collected at three-day intervals
starting at 3 days post inoculation (dpi) and ending at 9 dpi. Fewer plants were infected and lower amounts of CP were detected in whey-
treated plants; however, at 9 dpi, the accumulation of CP was similar to water-treated plants. Each western blot lane (1-8) represents an
extract from a single plant. The lanes labeled PC contain an extract from a PepMoV-Kr-infected plant (positive control). The lanes labeled M
contain molecular weight markers, the sizes of which (in kD) are indicated to the left of the blots. The panels below the western blots show
blotted ponceau S solution (Sigma)-stained membranes prior to antibody incubation (loading controls).
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o =2
302-2A7F 3?—01] CMV—Vch—‘;=
&5 B EeorsAldE
of 2 sohely £ Fgkon), A
3t -2 7] B 31 (Chung 5, 2013) EHE 3 o]—oﬂl:} =2 A
iR o A= CMVE 2Q19)H o 2 AZ3R] ¢ A7 EE
£ Z9Jth PepMoVe] Q1F FE L vlolgAd ZdE 13
o] F(0.5 M PBS, pH 7.2=1:5, w/v)I} 33 €S 112
=3t 202 T 2ol & F 9 2mfof HE-= o]-§5}
2294 FEsac

ix' Jt-IAIHI-hH Ix_ EDE'E x*l.

v [e)
o‘: ‘E’%E

A}l 127 AF EA 50

w% 27098 13 3
2 2900]] MeHE 5 o| A H A7) FPUAE
cm A o 2 AR5 A

§ T 9 A5E YES 2N 9J5tel 49 2405
AB 7 7o) 6749) = To] EYS MAsto] EY
S 58 ) 2ABITE
2 o
PepMovell 78 15 ALEA] Fohat 442 112 Sg}

o] ZAo| A a0 QlF T A}, vholglA FEE| dix
o] v|ate] 60% ZHAEFITHTable 1). PepMoV HE 9] ¢]u]
Tl S S Jad EEY o R BAgH Ay @*6
A 3 tfjzof Hlste] ujehild Z2 oFo] Hglon, HF
Sofl & 2} 5°‘6}71] 371t ichFig. 1)

2o 15 HF EF) 4 YA FEE 2-208|2
3|Asto] £7 2T & E5olSARES o5t CMV
£ A5 24}, vlolga FAEC] 2R B AT A
% 23.3%¢%1 BFH F39] dA Ao A= 6.6%= A 5= Tt
(Table 1). §-3 2] NS 2208 HEE E=2 3|X3}0] x]2]3t

B 74 A Ao Hlwste] §-94 = ZolE HolA=

orgront, 314 wjgol £ 248 Fael thh B2 AL B
4= QitH(Table 1).
= xﬂuﬂx] ZHo]| x5l Y& 238 10| EFO] 7
Q8 YUrE 59 1599 218 Bgow, 59 22Y o]F CMV

L?—E"—’F%OI —rx%ﬁlﬂl/ﬂ w43] S71e HHH(Fig. 2A), 74 A2

Fol A Zage] Gurs] F715HE 2L 2 4 YIrkFig. 28).
592324 E 2579 7 0.2 74 18U Hholelx 4 AE

< 2R 23} 695 vholg| A HAY 7HA] GRS He
Al EA|9] Hleo] 7 A7t FA ek A 2ol vls]
717} 18.9%%} 16.7% R34 ThFig. 3). 3, o] A]7]9] Fxj2]e}
ASA] AT 7] CMV T EE AFol 2.2%= 4] gkokth
(Fig. 3).
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A 0 s Population of winged aphids ~ ss== Non-treatment = ) J_l ’-él-
1s2 1% &
: . |o & 2 AFolX PepMovel ¢ 443} vlolels HEUS &
5 |3 Eskel 1Al vlolzla i go) tizo) ua) wete,
2 3 EFAE 6L ujThd 24 ofo] Hglovt HE 9%
i |77 Aol et BUR 2202 FMolgc o] B2 Hot £
y , ° e vlol 27t 4B HE &0 2 YEahs AL Pa5HA
£ S S S S S U 84S AIstel AEA7} ulolzi2e] ZeEE A oA
i 0w CREZSE 2REC T 2700 sholeia 2ol we A
© 2 mop g4 o 2 Qlaf vtolal Az} Yk AHA Htol
s | / \ : / |73 @2 ol s Ao 2 Belt w3t vjolel 13 F A
L '\.\/ \._, |98 ol Aol Wt 448 A3 A2A2) vtolalx o] of
s A / \ 198 zopyud oz Hol 40| AT £o2 PE 0Pl
"1/ ’ '~ |77 A&Ho= polEs S oAsHE A obd Ao.2 B
= N t}. o] 3= b AF(Abdelbacki 5, 2010)0]14] §-30] Bfo]

Fig. 2. Percentage of pepper plants infected with cucumber mo-
saic virus (CMV) naturally in open fields. Pepper plants were sprayed
with undiluted whey once a week starting on the transplanting
date (May 2) to the end of June. Virus tests were performed every 2
weeks starting May 23 and ending July 18. (A) Un-treated plants
showing a sharp increase of CMV-Vch infection (arrow). (B) Cheese
whey-sprayed plants showing a slow increase of CMV-Vch infec-

tion (arrow).
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Fig. 3. Percentage of pepper plants infected with cucumber
mosaic virus (CMV) naturally in open fields over time after
planting. Pepper plants were sprayed with undiluted whey
once a week starting on the transplanting date (May 2) to the
end of June. Virus tests were performed every two weeks
starting May 23 and ending July 18. The percentage of plants
testing positive for CMV until the test date of June 5 de-
creased by 18.9% and 16.7% in cheese whey sprayed plants
compared with un-treated or pesticide-treated plants, re-
spectively.

227} 2R ek AL Welels Ao® BT 2
Fkol =5t} 7] B a1 (Abdelbacki 5, 2010)9)|A] lactoferrin
= g-lactoglobuling EnfEstsioldrulo|g A0 7+
H Bt X5t o Hiolg A EA7} A==,
= AjZuko 2 vio|g A7} A4S H9E lactoferrin B g
-lactoglobulino] ¥W-3lstAY, = A L)) lactoferrin =
a-lactoglobulin E&o] A= A} Bredo] Jokar sk3ick
(Abdelbacki 5, 2010).

Hu 5(1994)9] Aol = SRRt AHoe2 Ao 2H}
o]z 2 (cymbidium mild mosaic virus, CymMV) Z+&of 2Jsj
HE dolnt S FA5= 7150l Hiolg A A
a7} T, ol BAEROl Yle T Hof aa=
Igh vpol A 9] Eajol ot K rh= Hiolg| A} Jolg|E
o]F7] i o & sttt THH M4l 7 7151 "ir =4
& FollAl= GymMV 24 oA a7t glgich

{0 8 AEL g-lactalbumin, p-lactoglobulin @
lactoferrin 5-©] Qlth(Zapata 5, 2017). 1987 lactoferrin ©]
Friend leukaemia virus (FLV)ol] Z+EE F ol A Woja ) QL
THLu 5, 1987)= H 117} 9J& & |actoferring] & vlol8|A &
o] gt @2 A7t o] oKt Lactoferring] g vjol2| A
71Z+o]| et F7HA] FA2 Al E EH Q] glycosaminoglycans
7o - gAeke] AAS A2 (Mann 5, 1994; Wu 5, 1995)3} lac-
toferrino] wholzl 2 Aje] 24 Agka|Al 715 AE ol
& QAL F28E= AS AAIG = Ao|tHMarchetti 5,
1996; Superti 5, 1997; Swart -5, 1996; Yi 5, 1997).

2 lactoferrino] 1A A Hpo]H A1 AHtiA| azHlo] A
(cytomegalovirus) Zrgol] 37} Q= Ao] W AR E
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o 93l B 1 EcHClarke™} May, 2000; Harmsen 5, 1995;
Hasegawa 5, 1994; Shimizu 5, 1996; Swart 5, 1999). o] X
1=l osHd lactoferrino] BRo|2j 27} 7]5= A2 2 YUsH
+ A sk, 44 Sl AW vz FAS AR
thAndersen =, 2001) 1 8}ttt E3t lactoferrin} -2 3} v}
olg]A Tl o] Hslrt A2 a-gof Tt s sHA 7|
ol - E o) MsHE vpto| A & Hiolg| A EAS &
AA7IE e A= o]2o]HtHHarmsen 5, 1995; Waarts 5,
2005).

2 A0 kA Ay 24 o AA)g AGlE 288 &
o] Efjo 2 XGE WEE AR Ao o5t
oA 59 F&oll ARES D=7} a7} EH]lom CMV 7
AL AGE i =g HR| 7Y o|FHE 6¥ S
T43] 371she B Btk 3 Az g8 FAY

= ASA Aol vl A4 171d7HA o CMV 27] T EE
o] Rton}, 784U7IR| 9] HAA A FH-E= Hel A=A
o] Hl&-2 Al A BFolA FABEE T, B4 27]d= 2
7F Ztoba] 70| 525 = W AEA7E A o] 5o
= F30] SEH =22 HA &3S 7, e oY) 2%
7b Ee7hA E7t vpolE A ol fEIgt 270] Hol /-4
o a7t ASHEUE 7He Aol e Ao AT 7] 2
3(Chung -5, 2015)0]| 4] v} 57} <= F-EL Ao S HEo] 2] 2 (turnip
mosaic virus, TuMV) Z+g A] 10°CRE| 23°C7HR| L7} Al
ool whet 21 54| 9] Hiolz|Xof o3t M4l A H&GE 7t EEiT
ol & dollA 64 o]F = 450l BiolgA B/ 7o
7198k Ao 2 F45HA st Aotk E3 PepMoVE
A Egsto] AF AET AN A AR} e
Aoz Ho}, I Z|of|A| J15tof {4 A xzg|ofof o3t Hiolz| A
4 A Bt w3 JREY] A4 S-S Wsfol gt Aol
7] Hoh= Qo AxE AL 2 Qe ATl Eo] i3 AEAE
7helghe sqkell el Sl Hhol2| 9] Bdof Faka W)

Y Ao = weEh

A9 A 2] te] uiolg| A ZHE Rpol 7t A 9>
£ 5 Sl=t ol WS E Bert w2 A7l FAIE A
3ok Fel fFAIS AR E o] FoFs WAl 3Tzl oA
Sto] e A717] Whiee = FAE]ICE webA 2GE 9
=7} 0t AulR|of] CMV G o] B2 Al7]ofl= o2 Ar v
Aol A5A A2 B37E A & Ao = THET

2 A= 189 57 A7t A oA AnEe] SJsf g
H= A Hiolg2o] oFt 7] e dF dAlst=dH &

Wt A= RS et

o

2 o

2 AZFANA ok 2R 430] AREB o
3 AYE= Qo]mzto]FHlo]# A(cucumber mosaic virus,
CMV) ¢} 1= EHlo]2 2 (pepper mottle virus, PepMoV) 2]
Y PRI YeAE WF HF EFS O 24
ShTE 2AA 74 ¥ 9 NS 5= 22082 3]45)
o 13 Y FF 27 F HEoEARES o835
CMV-VchE 53 AT 9192 Hejat A9 7o) g el
6.6%%, =2 B A3 A 9 AEE 23.3%°] B}
AT Aol A el 13 P EFo] MV 2l
Moz AEIA o A AAHEE E Aol A HAY
FH 6d A7 159 7HA 2 2 4 HiS &7 A=t 2
7}, 6€5% o] AAH = CMVol HE AEAH|9] HlEo]
Rxjale} A5 elo] u]s) 2kzF 18.9%2} 16.79% 743k
279) A2 volel 2 gaeA] that 2§ 713 &7] 91t
of &Alof) 4] PepMoV-kroll 115l A1 24 ZNT §9L 112
Egsto] 3o AFHFs ] AR o] whE Qjuehd
TE HIE od ERY o R BAR A, HE Y &
tizzof Blste] Aoy, HF 99 Foll= iz 52sH 5
FFsteitt 2 AT Aake §3o] Mol WAISHE A= ThE
0] &5 = 25.0) ujo]2] 291 CMVS} PepMovol] J3 7+
A Aol B} Qo= Ae HolF=qih
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